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(57) Abstract 

Methods for amplifying a nucleic acid molecule which 
employs a single primer, and in which the amplification is 
performed under isothermal conditions. The invention aiso 
includes kits containing reagents for conducting the method- 
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METHODS FOR THE 
ISOTHERMAL AMPLIFICATION OF 
NUCLEIC ACID MOLECULES 



FIELD OF THE INVENTION 

The present invention is in the field of recombinant DNA 
technology. This invention is directed to a process for amplifying a 
nucleic acid molecuie, and to the molecules employed and produced 
through this process. 



CROSS-REFERENCE TO RELATED APPLICATIONS 

This aDDtication is a continuation-in-cart of United States 
Patent Application Serial No. 08/533,852 (filed September 26, 1995) 
which is a continuation-in-part of United States Patent Application 
Serial No. 08/383,327 (filed February 3, 1995), which is a continuation- 
in-part of PCT Application No. PCT/US93/07309 (filed August 4, 1993), 
which is a continuation-in-part of United States Patent Application 
Serial No. 07/933,945, filed August 24, 1992 (which application was 
abandoned in favor of continuation application United States Patent 
ADoiication Serial No. 08/136,405, filed October 15, 1993, which issued 
on October 11, 1994 as U.S. Patent No. 5,354,668), which is a. 
continuation-in-part of United States Patent Application Serial No. 
07/924,643, filed August 4, 1992 (now abandoned). 

BACKGROUND OF THE INVENTION 

Assavs caoable of detecting the presence of a particular nucleic 
acid molecule in a samoie are or substantial importance in forensics. 
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medicine, epidemiology and public health, and in the prediction and 

V."" 

diagnosis of disease. Such assays can be used, for examole, to identifA 
the causal agent of an infectious disease, to predict the likelihood that 
an individual will suffer from a genetic disease, to determine the. 
purity of drinking water or milk, or to identify tissue samples. The 
desire to increase the utility and applicability of such assays is often 
frustrated by assay sensitivity. Hence, it would be highiv desirable to 
deveioo more sensitive detection assavs. 

* 4 

The usefulness of a detection assay is often limited by the 
concentration at which a particular target nucieic acid molecule is 
present in a sample. Thus, methods that are capable of amplifying the 
concentration of a nucleic acid molecule have been developed as 

4 

adjuncts to detection assays. 

One method ror overcoming the sensitivity limitation of 
nucleic acid concentration is to selectively amplify the nucieic acid 
molecule whose detection is desired oricr to oerformin? the assav. 
Recombinant DNA methodologies capable of amplifying purified 
nucleic acid fragments in vivo have long been recognized. Typically, 
such methodologies involve the introduction of the nucieic acid 
fragment into a DMA or RNA vector, the clonal amoufication of the 
vector, and the recover/ of the amciified nucleic acid fragment. 
Examples of such methodologies are provided by Cohen et aL (U.S. 
Patent 4,237,224), Maniatis, T. et aL, Molecular Cloning (A Laboratory 

m 

Manual), Cold Spring Harbor Laboratory, 1982, etc. 

In many instances in clinical medicine and diagnostics, 
however, the concentration of a target species in a sample under 
evaluation is so low that it cannot be readily cloned. To address such 
situations, methods of in vitro nucleic acid amplification have been 
develooed that emoiov template directed extension. In such methods, 
the nucleic acid molecule is used as a template for extension of a 
nucleic acid primer in a reaction catalyzed by polymerase. 



One such template extension method is the "polymerase chain 
reaction" {"VCR"), which is among the most widely used methods of 
DNAn amplification (Mullis, K. et al, Cold Spring Harbor Svmv. 
Quant. Biol. 51:263-273 (1986); Eriich H. et al, EP 50,424; EP 84,796, EP 
258,017, EP 237,362; Mullis, K.. EP 201,184; Mullis K. et al., US 4,683202; 
Eriich, H., US 4,582,788; Saiki, R. et al., US 4,683,194 and Higuchi, R. 
"PCR Technology," Fnrlich, H. (ed.), Stockton Press, NY, 1989, pp 61- 
68), which references are incorporated herein by reference). 

The polymerase chain reaction can be used to selectively 
increase the concentration of a nucleic acid molecule even when that 
molecule has not been previousiv Durified and is present onlv in a 
single copy in a particular sample. The method can be used to amplify 
either single- or double-stranded DNA. The essence of the method 
involves the use of two oligonucleotides to serve as primers for the ■ 
template-dependent polymerase mediated replication of the desired 
nucleic acid molecule. 

The precise nature of the two oligonucleotide primers of the 
PCR method is critical to the success of the method. As is well known, 
a molecule of DNA or RNA oossesses directionality, which is 

conferred through the 3' — 3' linkage of the susrar-ohosohate backbone 

of the molecule. Two DNA or RNA molecules may be linked together 
through the formation of a phosphodiester bond between the terminal 
5* phosphate grouo of one molecule and the terminal 3' hydroxyl 
group of the second molecule. Polymerase dependent amplification of 
a nucleic add molecule proceeds by the addition of a nucleotide 
having o phosphate to the 3' hydroxyl end of a nucleic acid molecule. 
Thus, the action of a rcivmerase extends the 3* end of a nucleic acid 
molecule. Tnese inherent orocerties are exploited in the selection of 
the two oiigonucieoride primers of the PCR. The oligonucleotide 
sequences of the two primers of the PCR method are selected such that 
thev contain sequences identical to, or complementary to. sequences 
which flank the seauence of the canicular nucleic acid molecule 
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whose amplification is desired. More specifically, the nucleotide 
sequence of the Amplification Primer is selected such that it is caoable 
of hybridizing to an oligonucleotide sequence located 3' to the 
sequence of the desired nucleic acid molecule that is to be amplified 
whereas the nucleotide sequence of the Target Primer is selected such 
that it contains a nucleotide sequence identical to one present 5' to the 
sequence of the desired nucleic acid molecule that is to be amplified. 
Both primers possess the 3' hydroxyl groups which are necessary for 
enzyme mediated nucleic acid synthesis. 

In the polymerase chain reaction, the reaction conditions must 
be cycled berween those conducive to hybridization and nucleic acid 
polymerization, and those which result in the denaturation of duolex 
molecules. In the first step of the reaction, the nucleic acid molecules 
of the sample are transiently heated, and then cooled, in order to 
denature any double stranded molecules that may be present. The 
amplification and Target Primers are then added to the samcle at a 

4 

concentration which greatly exceeds that of the desired nucleic add 
molecule. When the sample is then incubated under conditions 
conducive to hybridization and polymerization, the Amplification 
Primer will hybridize to the nucleic add moiecuie of the samnle at a 
position 3' to the sequence of the desired molecule to be amolified. If 
the nucleic acid moiecuie of the samnie was initially doubie stranded, 
the Target Primer will hybridize to the complementary strand of the 
nucleic add molecule ac a position 3' to the sequence of the desired 
moiecuie that is the complement of the sequence whose amplification 
is desired. Upon addition of a polymerase, the 3' ends of the 
amplification and (if the nucleic add moiecuie was double stranded) 
Target Primers will be extended. The extension of the Amplification 
Primer will result in the synthesis of a DNA molecule having the 
exact sequence of the complement of the desired nucleic acid. 
Extension of the Target Primer will result in the synthesis of a DNA 
molecule ha vine: the exact seauer.ee of the desired nucleic acid. 



The PGR reaction is capable of exponentially amplifying the 
desired nucieic acid sequences, with a near doubling of the number of 
molecules having the desired sequence in each cycle. This exponential 
increase occurs because the extension product of the Amplification 
Primer contains a sequence which is complementary to a. sequence of 
the Target Primer, and thus can serve as a template for the production 
of an extension product of the Target Primer. Similarly, the extension 
product of the Target Primer, of necessity, contain a sequence which is 
comolementarv to a secuence of the Amplification Primer, and thus 

4 d A *■ 

can serve as a template for the production of an extension product of 
the Amplification Primer. Thus, by permitting cycles of hybridization, 
polymerization, and denaturation, an exponential increase in the 
concentration of the desired nucleic add molecule can be achieved. 
Reviews of the ooivmerase chain reaction are provided bv Mullis, K.B. 
(Cold Spring Harbor Sump. Quant. Biol. 51:263-273 (1986)); Saiki, R.K., 
et al. i 3 io /Technology 5 :1C08-1012 (19S5i); and Mullis, K.3., et al. (Met. 
Er.zvmcl. 155:335-350 (;?87), which references are incorporated herein 
bv reference). 

PCR technology is useful in that it can achieve the rapid and 
extensive amplification of a polynucleotide molecule. However, the 
method has several salient deficiencies. First, it recuires the 
preparation of two different primers which hybridize to two 
oligonucleotide seauences of the target seauence flanking the region 
that is to be amolified. The concentration of the two primers can be 
rate limiting for the reaction. Although it is not essential that the 
concentration of the two primers be identical a disparity between the 
concentrations or the two primers can greatly reduce the overall yield 
of the reaction. 

A further disadvantage of the PCR reaction is that when two 
different primers are used, the reaction conditions chosen must be 
such that both orimers "prime" with similar efficiency. Since the two 
primers necessarilv have different sequences, this requirement can 
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constrain the choice of primers and require considerable 
experimentation. Furthermore, if one tries to amplify two different 
sequences simultaneously using PGR (i.e. using two sets of two 
primers), the reaction conditions must be optimized for four different 
primers. 

A further disadvantage of PCR is that it requires the 

thermocyciing of the molecules being amplified. Since this 

thermocyciing requirement denatures conventional polymerases, it 

thus requires the addition of new polymerase at the commencement 

of each cycle. The requirement for additional polymerase increases the 

expense of the reaction, and can be avoided oniy through the use or 

thermostable polymerases, such as Taq polymerase. Moreover, the 

thermocvciin? requirement attenuates the overail rate of amotification 

because further extension of a primer ceases when the sample is 

heated to denature doubie-srranded nucleic acid molecuies. Thus, to 

the extent that the extension of anv arimer molecule has not been 

comoieted or:or to the next heating stec of the cvcie, the rate of 
t * — * * * 

amoiification is imcaired. 

Other known nucieic acid amplification procedures - include 
transcription-based amplification systems (Kwch D. ei al., Proc. Natl, 
Acad. Set (U.S.A.) 86:1173 (1989); Gingeras T.R. et aL, PCT appi. WO 
SS/ 10315 (priority: US Patent applications serial nos. 064,141 and 
202,973); Davev, C ei aL, European Patent Application Publication no. 
329,822; Miller, H.I. et aL, PCT appL WO 89/06700 (priority: US Patent 
application serial no. 146,462. tiled 21 January 1988)), and "race" 
(Frohman, M.A., In: PCR Protocols: A Guide to Methods and 
Acclications, Academic Press, NY (1990)) and 'one-sided PCR" (Ohara. 
O. et al.. Proc. Sail. Acad. Sci. (U.S.A.) 56:5673-5677 (1989)). 

Methods based on ligation of two (or more) oligonucleotides in 
the presence of nucieic acid having the sequence of the resulting "di- 
oiigonucleotide", thereby amplifying the di-oiigonucieotide. are also 
known (Wu, D.Y. t f . aL. Genomics 4:560 (1989)). 



An isothermal amplification method has been described in 
which a restriction endonuciease is used to achieve the amplification 
of target molecules that contain nucleotide 5*-[a-thioj triphosphates in 
one strand of a restriction site (Walker, G.T. ei aL r Proc. NaiL Aczd. Sci. 
(U.S.A.) 39:392-396 (1992)). 

All of the above amplification procedures depend on the 
principle that an end-product of a cycle is functionally identical to a 
starting material. Thus, by repeating cycles, the nucleic acid is 
amplified exponential^. 

Methods that use thermo cycling, e.g. PCR or Wu, D.Y. si al. f 
Genomics 4:560 (1989)), have a theoretical maximum increase of 
product of 2-fold oer cvcie, because in each c/cle a single product is 
made from each template. In practice, the increase is aiwavs lower 
than 2-rbic. Further siowine the amplification is the time soent in 
chaneins the temperature. Also adding deiav is me need to allow 
enough time in a c/cle for all molecules to have finished a s:ep. 
Molecules that finish a step auicklv must "wait" for their slower 
counterparts to finish before proceeding to the next step in the cvcie; to 
shorten the cvcie time would lead to skipping of one c/cie bv the 
"slower" molecules, leading to a lower exponent of amplification. 

SUMMARY OF THE INVENTION 

The present invention concerns a method for achieving the 
amplification of a nucleic acid moiecule using a single primer, under 
isothermal conditions. 

In detail the invention provides a method for amplifying a 

target poivr.uciectide reeion of a doubie-s tranced nucleic acid 

molecule present in a sample, which comprises the steps: 
k . * 

(A) incubating: linear double-stranded nucleic acid molecules in the 
presence of a polymerase, nucleotides, a Cre recombinase, a 
primer and a restriction endonuciease; 
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wherein: 

(i) each of the linear double-stranded nucleic acid molecule!: 
has two ends and comprises: 

(a) a first lox site, located at a first end of the linear 
molecuie; 

(b) a second lox site, located at a second end of the linear 
molecuie, wherein the first and the second lox sites are 
oriented ith respect to one anotner so as to permit the 
Cre to mediate the circuiarization of the linear double- 
stranded molecules, and to thereby form double- 
stranded circular molecules; 

(c) the target polynucleotide region, located internal to the 
first and second lox sites; and 

(d) a hemi-modiried restriction sice, located between the 
target polynucleotide region and one of the lox sites, 
wherein one strand of the hemi-modified restriction 
site of each of the linear molecules contains at least one 
modified nucleotide residue (especially of merhviated 
nucleotides or (a-thio)phosphorothioate nucleotides), 
and the target polynucleotide is present in the strand 
lacking the modified nucleotide residue; 

(ii) the restriction endonuciease is substantially incapable of 
cleaving a strand of a nucleic acid molecuie that contains 
the modified nucleotide residue; 

(iii) the primer comprises from 3' terminus to 5* terminus: 

(a) a first polynucleotide region complementary to a 3' 
terminal portion of the target polynucleotide region; 

(b) a second polynucleotide region containing at least one 
of the modified nucleotide residues (esoeciallv of 
methylated nucleotides or (a-thio)phosohorothioate 
nucleotides), wherein, if the second polynucleotide 
region were hvbritiized to a complementary 



polynucleotide, a double-stranded polynucleotide 
would thereby be formed that would contain one or 
more restriction endonuciease cleavage sires that would 
be recognized by the restriction endonuciease; and 
(c) a third polynucleotide region, wherein, if the third 
polynucleotide region were hybridized to a 
complementary polynucleotide, a double-stranded 
polynucleotide would thereby be formed that would 
contain a I ox- site; and 
v) the incubation is conducted under conditions suitable for 
permitting: 

(a) the Cre to circularize the linear double-stranded nucleic 
acid molecules and thereby form the double-stranded 
circular molecules; 

(b) the restriction endonuciease to cleave one strand of the 
hemi-mcdified restriction endonuciease recognition 
site of the double-stranded circular moiecule and 
therebv create an extendible 3' terminus; 

(c) the polymerase and the nucleotides to mediate template 
dependent extension of the extendible 3* terminus and 
therebv cause displacement of a singie-strar.ded 
polynucleotide containing the target poiynucieocide 
region; the extension further resulting in the creation of 
a new hemi-modified restriction recognition site; 

(d) the restriction endonuciease to cleave one strand of the 
newlv created hemi-modified restriction endonuciease 
recognition site and thereby form a new extendible 3" 
terminus and permit the release of the singie-scranded 
polynucleotide containing the target poiynucieocide 
region; and 

(e) the primer to hybridize to the released single-stranded 
polynucleotide and to be extended by the polymerase 



PCT/U59i»/01379 

r- 

-10- 
and the nucleotides in a template-dependent extension 
to thereby form an additional copy of the linear double- 
stranded nucleic acid molecule; 

(B) permitting: the Cre-directed circuiarization (A)(iv)(a) of the 
linear molecule, the creation of the extendible 3' terminus 
(A)(iv)(b), the template dependent extension (A)(iv)(c), the 
restriction endonuciease cleavage (A)(iv)(d), and the primer 
hybridization (A)(iv)(e) / to occur, thereby amplifying the target 
polynucleotide region of the double-stranded nucleic acid 
molecule; and 

(C) maintaining the incubation conditions until a desired level of 
amplification of the target polynucleotide region of che double- 
stranded nucleic acid molecule has been attained. 

Tne invention additionally concerns the embodiment of the 
above method wherein the linear double-stranded nucleic acid 
molecule reared in stev (A) is obtained bv primer extension of 
Amolincation Primer molecules, the Amolificaticn Primer molecules 
being nucleic acid molecules comprising from 3* terminus to 5* 
terminus: 

(1) a first Dolvnucieotide region comolementarv to a 3' 
terminal portion of the target polynucleotide region; 

(2) a second polynucleotide region containing ac least one 
modified nucleotide residue, wherein, if che second 
polynucleotide region were hybridized to a 
complementary polynucleotide, a double-stranded 
cotvnucieotide would therebv be formed that would 
contain one or more restriction endonuciease cleavage 
sices that would be recognized by a restriction 
endonuciease that is substantially incaoable of cleaving a 
srrand of a nucleic acid molecule that contains the 
modified nucleotide residue; and 



(3) a third polynucleotide region, wherein, if the third 
polynucleotide region were hybridized to a 
complementary polynucleotide, a double-stranded 
polynucleotide would thereby be formed that would 
contain a lox site. 
The invention additionally concerns the embodiment of the 
above method wherein the linear double-stranded nucleic acid 
moiecuie recited in step (A) is obtained by a process comprising primer 
extension of Target Primer molecules, the Target Primer molecules 
and comprising from 3' terminus to 5' terminus: 

(1) a first polynucleotide region having the sequence of a 5' 
terminal portion of the target polynucleotide; 

4 

(2) a second polynucleotide region, wherein, if the second 
polynucleotide region were hybridized to a 
complementary polynucleotide, a doubie-stranded 
polynucleotide wouid thereby be formed that would 
contain a lox site. 

The invention additionailv concerns the embodiment of the 
above method wherein the linear double-stranded nucleic add 

* 

molecule recited in step (A) is obtained by a process comprising 
iisatins: the target oolvnucieotide region into a restriction 
endonuciease recognition site of a linear nucleic acid moiecuie that 
contains a lox site at each end, the restriction endonuciease recognition 
site, and the hemi-modiried restriction endonuciease recognition site. 

Tne invention additionally concerns the embodiment of the 
above method wherein the linear double-stranded nucleic acid 
moiecuie recited in step (A) is obtained by a process comprising 
ligatmg the target polynucleotide region into a restriction 
endonuciease recognition site of a circular nucleic acid moiecuie that 
contains a lox site, the restriction endonuciease recognition site, and 
the hemi-modiried restriction endonuciease recognition site. 
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The invention additionally provides a method for amplifying a 
target polynucleotide region of a double-stranded nucleic acicL 
molecule present in a sample, the method comprising: 

(A) incubating the sample under conditions sufficient to denature 
the double-stranded molecule and thereby form single-stranded 
nucleic acid molecules; 

(B) incubating the formed single-stranded nucleic acid molecules in 
the presence of either Amplification Primer molecules or Target 
Primer molecules; 

the Amplification Primer molecules being single-stranded 
nucleic acid moiecules, and comprising from 3' terminus to 5' 
terminus: 

(1) a first coivnucieotide region comolementarv to a 3' 
terminal portion of the target polynucleotide region; 

(2) a second polynucleotide region containing at least one 
modified nucleotide residue (esueciailv of methvlated 
nucleotides or (a-thio)phosphorothioate nucleotides), 
wherein, if the second polynucleotide region were 
hybridized to a comulementarv oolvnucleotide,.. a double- 
stranded polynucleotide would thereby be formed that 
would contain one or more restriction endonuclease 
cleavage sites that would be recognized by a restriction 
endonuclease that is substantially incapable of cleaving a 
strand of a nucleic acid molecule that contains the 
modified nucleotide residue; and 

(3) a third polynucleotide region, wherein, if the third 

colvnucieotide region were hybridized to a 

* * 

complementary polynucleotide, a double-stranded 
polynucleotide would thereby be formed that would 
contain a lax site; 
the Target Primer molecules being single-stranded nucleic acid 
molecules, and comprising from 3* terminus to 5* terminus: 



(1) a first polynucleotide region having the sequence of a 5' 
terminal portion of the target polynucleotide; and 

(2) a second polynucleotide region, wherein, if the second 
polynucleotide region were hybridized to a 
complementary polynucleotide, a doubie-stranded 
polynucleotide would thereby be formed that would 
contain a lax site; 

wherein said incubation is conducted in the presence of a 
polymerase and nucleotides lacking the modification of the 
modified nucleotide residue of said Amplification Primer, said 
incubation being under conditions sufficient to permit either: 

(i) the first polynucleotide region of the Amplification Primer 
molecules to hybridize to the 3' terminus of the target 
polynucleotide, and template dependent extension of the 
Amplification Primer molecules, to thereby form Amoiification 
Primer extension products; or 

(ii) the firs: ooivnucieotide region of the Target Pr:me r 
molecules to hvbridize to the 3' terminus of a complement of 
said target ooiynucleotide, and temulate deoendenr extension of 
the Target Primer molecules, to thereby form Target Primer 
extension products; 

incubating the Amplification Primer extension products (i) or 
(ii) under conditions sufficient to denature doubie-stranded 
nucleic acid molecules and thereby produce unhybridized 
primer extension products; 

where Amoiification Primer was emoloved in steo (B), 
incubating the unhvbridized Amoiification Primer extension 
products in the oresence of Target Primer molecules; 
where Target Primer was employed in step (B), incubating the 
unhybridized Target Primer extension products in the presence 
of Amoiification Primer molecules; 
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wherein said incubation is conducted in the presence of a 
polymerase and nucleotides lacking the modification of the 
modified nucleotides present in the Amplification Primer, the 
incubation being under conditions sufficient to permit (i) the 
unhybridized primer extension products to hybridize to the 3' 
terminus of the primer molecules, and (ii) tempiate dependent 
extension of said primer extension products, and of the primer 
molecules, to thereby form linear double-stranded nucleic acid 
molecules having a lox site at each end, and containing the 
target polynucleotide that is to be amplified and a hemi- 
mocified restriction site; 

incubating the linear double-stranded nucleic acid molecules of 
steo (D) in the uresence of Cre recombinase, the restriction 
endonuclease, the polymerase and the nucieocides lacking the 
modification of the modified nucleotides of the Amolification 

4 

Primer: wherein the incubation permits the following reactions 
to occur: 

(1) the Cre to circularize the linear double-stranded nucleic 
acid molecules having a lox site at each end, to thereby 
form a double-stranded circular molecule; 

(2) the restriction endonuclease to cleave a non-modified 
nucieotide-containing strand of the hemi-modified 
restriction endonuclease recognition site of the double- 
stranded circular molecule to thereby form an extendible 
3' terminus; 

(3) the polymerase and the non-modified nucleotides to 
mediate template-dependent primer extension of the 
extendible 3' terminus to thereby cause displacement ot a 
single-stranded polynucleotide containing the target 
colvnucieotide region; the primer extension further 
resulting in the creation of a new hemi-modified 
restriction recognition sice-; and 
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(4) the restriction endonuciease to cleave a non-modified 
nucieotide-con taming strand of the newly created hemi- 
modified restriction endonuciease recognition site to 
thereby form a new extendible 3* terminus, and oermit 
5 the release of the single-stranded polynucleotide 

containing the target polynucleotide region, wherein the 
displacement and the release accomplishes the desired 
amplification of the target polynucleotide; and 
(F) maintaining the incubation conditions of step (E) until a desired 
10 level of amplification of the target polynucleotide has been 

attained. 

The invention additionally concerns the embodiments of the 
above methods wherein: 

(1) the Amclification Primer molecules addirionailv contain a 
15 fourth ooivnucieotide region, the fourth ooivnucieotide region of the 

Amplification Primer molecules being located 5' to the third 
polynucleotide region of the Amplification Primer moiecules, and 
having a nucleotide sequence complementary to at least a portion 
thereof, such that the third and fourth oolvnucieohde regions of the 
20 Amplification Primer molecules are hvbridized to one another; and/or 

(2) the Targe: Primer molecules additionally contain a third 
ooivnucieotide region, the third polvnucieotide region of the Tarzet 
Primer molecules being located 5' to the second polynucleotide region 
of the Target Primer molecules, and having a nucleotide sequence 

25 complementary to at least a portion thereof, such that the second and 
third ooivnucieotide reeions of the Target Primer molecules are 
hvbridized to one another. 

The invention additionally includes the embodiments or the 
above methods wherein the step (E) additionally permits the following 

30 reactions to occur: 



(5) the Amplification Primer molecules to hybridize to the 3' 
terminus of the displaced and released single-stranded 
polynucleotides; and 

(6) the polymerase and the non-modified nucleotides to 
mediate the template-dependent extension of the 
hybridized Amplification Primer molecules, and of the 
hybridized displaced and released single-stranded 
polynucleotides, to thereby form linear double-stranded 
nucleic acid molecules having a lox site at each end, and 
containing the target polynucleotide region and a hemi- 
modified restriction si:e; the formed linear double- 
srranded rnoiecuies being substrates for the reaction (E)(1); 
and wherein the linear double-stranded nucleic acid 
molecules are permitted to become substrates of the 
reaction (E)(1). 

The method carticuiariv contemolates the embodiment 
wherein the Amplification Pnmer is provided in limiting amounts, 
such that the method amplifies one strand of the double-stranded 
nucleic acid carzet molecule to a greater extent than the other strand. 

The invention also provides certain compositions of matter, in 
particular, a double-stranded circular DNA molecule comprising a lox 
size, a hemi-modined restriction site and a polynucleotide fragment of 
a mammalian gene. In addition, the invention provides a double- 
stranded linear DNA molecule comprising z'iox site at each end, in 
direct repeat orientation, a hemi-modified restriction site and a 
polynucleotide fragmenr of a mammalian gene. The invention also 
provides an oligonucleotide comprising, from 3' terminus to j 
terminus: 

(1) a first polynucleotide region complementary to a 3 
terminal porrion of a target polynucleotide region, 
especially a mammalian gene; 



(2) a second polynucleotide region containing at least one 
modified nucleotide residue, wherein, if the second 
polynucleotide region were hybridized to a 
complementary polynucleotide, a double-stranded 
polynucleotide would thereby be formed that would 
con rain one or more restriction endonuclease cleavage 
sites that would be recognized by a restriction 
endonuclease that is substantially incapable of cleaving a 
strand of a nucleic acid molecule that contains the 
modified nucleotide residue; and 

(3) a third polynucleotide region, wherein, if the third 
polynucleotide region were hybridized to a 
comclementarv oolvnucieoeide, a doubie-stranded 
polynucleotide would thereby be formed that would 
contain a iox site. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows examples of suitable 5' adaptor molecules. 

Figures 2A and 23 (comprising Drawings A,B,C and D) show 
examples of suitable 3' adapter molecules. 

Figures 3A and 3B show the adaptation of the 3' terminus of the 
primer extension product. Lines A, B and C of Figure 3A illustrate the 
use of different adaotor molecules to modifv the 3* terminus of the 
primer extension product through further primer extension. Line D of 
Figure 3B shows the use of ligation to modify the 3' terminus. 

Figures 4A, 4B, 4C, and 4D show the formation of double- 
stranded circular molecules from linear molecules adapted using 
adaocor molecules that contain a recombinational site. 

Figure 5 shows the formation of hairuin looo molecules trom 
the adaptation of the primer extension product with a 3* adapcer 
molecule having an inverted repeated sequence. 
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Figure 6 shows the formation of "bow-tie" molecules from the 
adaptation of the primer extension product with a 3' adaptor molecule- 
having a pair of nested inverted repeated sequences. 

Figure 7 shows the conversion of hairpin loop and "bow-tie" 
rnoiecaies having directly repeated recombinational sites into single 
strand circular molecules. 

Figures 8A and 8B show the amplification replicons of the 
present invention. Figure 8 A shows the twin origin "rolling circle" 
replicon that results from the extension of two primers during the 
amplification of a single-stranded circular molecule. Figure 8B shows 

the 9 ("thera") and "rolling circle" replicons that result from the 

amolification of a double-stranded circular molecale. 

Figure 9 provides a diagramatic representation of an illustrative 
isothermal amuiirication reaction described in Examoie 1. 

Figure 10 provides a diagramatic representation of an 
alternative illustrative isothermal amoiification reaction described in 
Example 1. The Figure illustrates the use of a 3' fourth region of 
Primer I that is complementary to a portion of the proto-Lox site. 

Figure 11 provides a diagramatic representation of the use of 
ligation to form double-stranded circular molecules, as described in 
Example 2. In Figure 11, the 5' fourth region of Primer [ that is 
complementary to a portion of the proto-Lox site may be deleted, if 
desired. 

* 

Figure 12 provides a diagramatic representation of an 
alternative use of ligation to form double-stranded circular molecules, 
as described in Example 2. It. Figure 12, the 3' fourth region of Primer I 
that is ccmclerr.er.tarv to a portion of the oroto-Lox sice may be 

deleted, if desired. 

Figure 13 orovides a diagramatic representation of the 
alternative illustrative isothermal amplification reaction described m 
Example 4 in which an unmodified primer is used and a DNA ligase is 

emoloved. 
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DETAILED DESCRIPTION OF THE IN^TNTION 

I. TERMINOLOGY OF THE INVENTION 

The present invention provides a method for amplifying a 
"target" polynucleotide region of a nucleic acid molecule that is 
3 present in a sample. Such samples may include biological samples 
derived from a human or other animal source (such as, for example, 
blood, stool, scutum, mucus, serum, urine, saliva, teardrop, a bioosv 
sample, an histology tissue sample, a PAP smear, a mole, a wart, an 
a grri cultural product, wasre water, drinking water, milk, processed 
10 foodstuff, air, etc.) including sampies derived from a bacterial or viral 
preparation, as well as other samples (such as, for example, 
agricultural products, waste or drinking water, milk or other processed 

foodstuff, air, etc.). 

As used herein, the term "desired" nucleic acid molecule is 
13 intended to refer to the nucleic acid molecule that is to be amplified by 
the present memoes. The "desired" molecule can have been purified, 
or partially purified, or may be present in an unpurified state in the 
sample. A nucleic acid molecule that contains the "desired" molecule 
is said to be a "target" molecule. Tne nucleic acid molecules of the 

20 present invention are described as "polynucleotides" in order to 
denote that thev contain more than three nucleotide residues. The 
nucleic add molecules of the present invention are "'further described 
as comprising "regions," in order to more fuilv describe tfce structural 
components of the molecules. The linear nucleic acid molecules of 

25 the invention contain terminal "portions." As used herein, such 
portions define a rezicn at the end of the molecules. 

As used herein, the term "amplification" refers to a "template- 
dependent process" that results in an increase in the concentration of a 
nucleic acid molecule relative to its initial concentration. As used 

30 herein, the term "template-dependent process" is intended to refer to a 
crocess that involves the template-dependent extension of a primer 



* 
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molecule. As such, the term amplification, 'as used herein, is intended 
to exclude in vivo vector-mediated propagation of the type described 
by Cohen et ai. (U.S. Patent 4,237,224); Maniatis, T. et ai. (Molecular 
Cloning A 'Laboratory Manual, Cold Spring Harbor Laboratory, 1982), 
etc. The term "template dependent process" refers to nucleic acid 
synthesis of RNA or DNA wherein the sequence of the newlv 
synthesized strand of nucleic acid is dictated by the well-known rules 
of complementary base pairing (see, for example, Watson, J.D. et d., In: 
Molecular Biology of the Gene, 4th Ed., W.A. Benjamin, Inc., Menlo 
Park, CA (1987)). As used herein, a sequence of one nucleic acid 
molecule is said to be the "complement" of another if ic contains a T 
(or U), A, C, or G at a position in which the other molecule contains an 
A, T (or U), G or G, respectively. 

The present invention empiovs a variety of different enzvmes 
to accomplish the amplification of the desired nucleic acid molecule. 
A "polymerase" is an enzvme that is capable of incorporating 

nucleotides to extend a 3' hvcroxvi terminus of a "orimer moiecuie." 

* * * 

A nucleotide that has been incorporated into a nucieic acid moiecuie is 
termed a nucleotide "residue." As used herein, a "orimer" or "o rimer 

fc i. 

moiecuie" is a nucleic acid moiecuie, that when hvbridized to a nucleic 
acid moiecuie, possesses a 3' hvdroxvl terminus that can be extended bv 
a ooivmerase. Polymerase enzvmes are discussed in Watson, J.D. et aL, 
In: Molecular Biology of ike Gene, 4th Ed., W.A. Benjamin, Inc., 

* 

Menio Park, CA (1987), which reference is incorporated herein by 
reference, and similar texts. Examples of DNA polymerases that can be 
used in accordance with the methods described herein include £. coli 
DMA polymerase I, the large proteolytic fragment of E. caii DNA 
colvmerase L commoniv known as "Kienow" polymerase, "Taa" 
polymerase, T7 polymerase, T4 polymerase, T3 polymerase, reverse 
transcriotase, etc. 



Polymerases exhibiting processivity (the capacity to continue the 
extension of a particular printer to thereby produce an extension 
product of significant length) are preferred. 

In several of the embodiments of the present invention 
amplification is achieved by extending a hybridized primer on a single- 
stranded DNA template that is base paired to itself. Thus, polymerases 
capable of mediating such primer extension and strand displacement 
are particularly preferred. Examples of preferred polymerases include 
T3 DNA polymerase (Chatterjee, D.K ei aL, Gene 97:13-19 (1991), T4 
polymerase, and T7 polymerase. Where a DNA polymerase does not 
displace a base-paired stand of a DNA molecule and extend a c rimer 
into the previously base-paired region with sufficient efficiency, such 
capacity may be facilitated by the addition of an accessory protein. For 
example, the capacity of T7 polymerase to displace a strand of a base- 
paired molecule is enhanced by the presence of T7 gene 4 protein 
(Koiodner, R. ei aL /. SioL Chem 255:574-584 (1978)). Similariv, T4 
DNA polymerase can catalyze extensive primer extension if :he 
reaction additionally contains T4 gene 32 protein (Gillin, F.D. ei aL, /. 
SioL Chem 251:5219-5224 (1976)). Use of the T7 promoter and gene 4 
protein, however, has the advantage that the gene 4 protein is used 
cataiyncaily rather than stoichiomecricaily during the primer 
extension reaction. 

In some embodiments of the invention, amplification is 
achieved by extending a hybridized primer on a DNA template of a 
double-stranded DNA molecule composed of two separable strands. 
Thus, in such embodiments, polymerases capable of mediating such 
primer extension are preferred. Examples of preferred polymerases 
include those cited above. The capacity to extend primer molecules 
using such double-stranded DNA templates may be facilitated through 
the addition of topisomerases and/or gyrases (Eki, T. ei aL, f. SioL 
Chem 256:3087-3100 (1991); Parada, CA. ei aL, /. 3ioL Chem 264:15120- 
15129(1989)). 
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When an enzymatic reaction, such as a polymerization reaction, 
is being conducted, it is preferable to provide the components required 
for such reaction in "excess" in the reaction vessel "Excess" in 
reference to components of the amplification reaction refers co an 
amount of each component such that the ability to achieve the desired 
amplification is not substantially limited by the concentration of that 
component. 

A "ligase" is an enzyme that is capable of covalentiy linking the 
3" hydroxyl group of a nucleotide to the 5' phosphate group of a second 
nucleotide. Ligases capable of joining "blunt ended" or "staggered 
ended" double-stranded nucleic acids, mav be emoloved. Examples of 
suitable ligases include £. caii DNA ligase, T4 DNA ligase, etc. 

The oresent invention emolovs a "recombinase," and most 
preferably, a "site-specific recombinase." As used herein, a 
recombinase is an enzvme whose action on two nucleic acid molecules 
results in recombination between the two molecules. Recombination 
is a well-studied natural process which results in the scission or two 
nucleic acid molecules having identical or substantially similar (i.e. 
"homologous") sequences, and the reformation of the two. molecules 
such that one reeion of each initiallv present molecule becomes ligated 
to a region of the other initiallv oresent molecule (Sediw, J.M., Bio-. 
Tdchnol. 5:1192-1196 (1988), which reference is incorporated herein by 
reference). Recombinases are naturally present in both prokaryotic 
and eucarvotic ceils (Smith, G.R., In: Lambda 'tt, (Hendrix, R. et al. t 
Eds.), Cold Spring Harbor Press, Cold Spring Harbor, NY, pp. 173-209 
(1983), herein incorporated by reference)). 

Two tvces ot recombmaticnai reactions have been identified, [n 
the rirsc rrse of reaction, "general" or "homologous" recombination, 
any two homologous sequences can be recognized by the recombinase 
(i.e. a "general recombinase"), and can thus act as substrates for the 
reaction. In contrast, in the second type or recombination, termed 
"site-sceciric" recombmacion. the recombinase can catalyse 



recombination only between certain specialized "recombinational 
sites/' Thus, in "site-specific recombination/' only homologous 
molecules having a particular sequence may act as substrates for the 
reaction. 

5 Site specific recombination is thus mediated by a site-suecinc 

recombinase actinz on two "recombinational sites." Several such site- 
specific recombination svstems have been described. The most 
preferred site-specific recombinational system is the site-specific 
recombination svstem of the £. coli bacterioohage PI. The PI 
10 bacteriophage cycles between a quiescent, lysogenic state and an active, 
lvtic state. The bacterioohaee s site-specific recombination svstem 
cataivzes the circularization of PI DNA upon its enrr/ into a host ceil. 
It is also involved in the breakdown of dimeric Pi DN'A molecules 
which mav form as a result of replication or homoioeous 

15 recombination. 

The PI site-specific recombination system catalyzes 
recombination between soecialized "recombinational sites" known as 
"lox" sires (e.g./'toxP," "loxB" etc.). The loxP site is the preferred lax 
site of the present invention has been shown to consist of a double- 

20 stranded 34 bo sequence. This seouence contains two 13 bp inverted 
repeated seauences which are separated from one another by an 3 bp 
scacer region (Hoess, R. et al. f Proc. NatL Acad. Sci. (U.S.A.) 79:5398- 
3402 (1982); Sauer, B.L., U.S. Patent No. 4.959,317, herein incorporated 
by reference). 

25 The recombination of lox sites is mediated by a Pl-encoded 

protein known as "Cre" (Hamilton. D.L. st id., /. Molec. oiol. 275:481- 
4S6 (1984). herein incorporated by reference). Tne Cre protein mediates 
recombination between two lox? sequences (Sternberg, N. ft at., Coid 
Spring Harbor Symp. Quant. Biol. 45:297-309 (1981)). These sequences 

30 may be present on the same DMA molecule, or they may be present on 
different molecules. Cre protein has a molecular weight of 35.000. The 
protein has been purified to homogeneity, and its reaction with the 
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lox? site has been extensively characterized (Abremski, K. et aL, /. 
Mofec. Bioi. 259:1509-1514 (1984), herein incorporated by reference). 
The ere gene (which encodes the Cre protein) has been cloned 
(Abremski, ZC et aL, Ceil 52:1301-1311 (1983), herein incorporated by 
reference). Plasmids producing Cre may be obtained from Life 
Technologies, Inc. (Gaithersburg, MD). Cre protein is available from 
Novogen, Inc. (Madison, WI). 

Any protein that is capable of mediating recombination between 
two lox sites is the functional equivalent of Cre protein. Any 
nucleotide sequence that can be recombined with a lox sequence bv Cre 
is the functional equivalent of a lox site. 

The site specific recombination catalyzed by the action of Cre 
protein on two lax sites is dependent only upon the presence of the 
above-described lox sites and Cre. N*o energy is needed for this 
reaction; thus, there is no recuirement for ATP or other similar high 
enersv mciecuies. Moreover, no factors or proteins other than the Cre 
protein is recuired in order to mediate site-specific recombination ac 
lox sices (Abremski, K. et aL, J. Molec. BioL Qtem. 255:1509-1514 (1984)). 
In vitro, the reaction is highly efficient; Cre is able to convert 70% of 
the DNA substrate into products and it appears to act in a 
stoichiometric manner (Abremski, K. et aL, /. Molec. BioL Client. 
259:1509-1514(1984)). 

Cre-mediated recombination can occur between lox sites which 
are present on two different molecules. Because the internal spacer 
sequence of the lox? site is asymmetrical, two loxP sites exhibit 
directionality relative to one another - (Koess, R.K. et aL, Proc. Natl. 

■d 

Acad. ScL (U.S.A.) 51:1026-1029 (1984)). If the lox? sites are in the same 
relative orientation, Cre acts to excise and circularize the DNA 
between them. If the sites are in an opposite relative orientation, Cre 
acts to flip the DMA between them. The recombinationai event works 
efficiently on linear or circular molecules (Abremski, K. et aL, Cell 



52:1501-1311 (1983); Abremski, EC et ai., J. Molec. Biol. C'nem. 251:391- 
396 (1986)). 

The nature of the interaction between Cre and lox sites has been 
extensively studied (Koess, R.P. at aL, Cold Spring. Hon. Symv. Quant. 
Biol. 49:761-765 (1984), herein incorporated by reference). In particular, 
mutations have been produced both in Cre, and in the lox site. 

The Cre mutants thus far identified have been found to cataivze 
recombination at a much slower rate than that of the wild-type Cre 
protein, lox mutants have been identified which recombine at lower 
efficiency than the wiid-type site (Abremski, K. et aL, J. Molec. Biol. 
Chen. 252:391-396 (19S6); Abremski, K. et aL, [. Molec. BioL 202:39-66 
(1988), herein incorporated bv reference). 

Experiments with mutant lox sites in which either the left or 
right inverted repeat had been removed, has revealed that Cre is 
capable of binding to partial ioxP sites, but is incaoabie of mediating 
efficient recombination between such sites. Insertions in the spacer 
region impair the ability of Cre to catalyze recombination. Of 
particular interest to the present invention is the use of a loxPSll 
mutant site. 

The Cre protein is capable of mediating /or-specific 
recombination in eucarvotic hoses, such as Saccharomvcss cerevtstae 
(Sauer, 8., Moldc. Call. BioL 7:2087-2096 (1987); Sauer. B.L, U.S. Patent 
No. 4,959,317, herein incorporated by reference), or mammalian ceils 
(Sauer, B. et aL, Proc. Natl. Acad. Sci. (U.S.A.) 85:5166-5170 (1988), 
Sauer, B. et aL, Nucleic Acids Res. 17:147-161 (1989), both references 
herein incorporated bv reference). 

Sienificantlv, the /ox-Cre svstem can mediate Site-soecific 
recombination between lox sites separated by extremely large numbers 
of nucleotides (Sauer, B. et aL, Gens 7(7:331-341 (1988); Sternberg, N., 
Proc. Nad. Acad. Sc:. (U.S.A.) 57:103-107 (1990); Sauer, 3. et aL, Proc. 
Nail. Acad. ScL (U.S.A.) 54:9108-9112 (1987); Paiazzoio, M.J. et aL, Gene 
33:25-26 (1990), all herein incorporated bv reference). 
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It has been found that certain £ coli enzymes inhibit efficient 
arcuiarization of linear molecules which contain two lax sites. Hence,; 
enhanced in vivo circularization efficiency can be obtained through 
the use of E. coii mutants which lack exonudease V activity (Sauer, B. 
et aL, Gene 70:331-341 (1988)). 

Although the Cre-lax site-specific recombination system is 
preferred, alternative site-specific recombination systems have been 
identified, and can be used in accordance with the methods of rhe 
present invention. 

For example, the site-specific recombination system of the E. coli 

bacteriophage k (Weisberg, R. et aL, In: Lambda II, (Kendrix, R. e: aL, 

Eds.), Cold Spring Harbor Press, Cold Spring Harbor, NY, pp. 211-250 
(1983), herein incorporated bv reference) can be emuioved. 

Bacteriouhage k uses its recombinational svstem in order to integrate 

its genome into its host, the bacterium E. caii. The svscem is also 
emuioved to excise the bacterioohage from the host genome in 
prepararicn for virus' lytic growth. 

The a. recombination svstem is comuosed of four proteins- Int 
and X;s, which are encoded by the bacteriophage, and two host 
integrative factors encoded by the E. coli. These proteins catalyze site- 
scecific recombination between "ait" sites. 

The a. Int protein (together with the E. coli host integration 
factors) will catalyze recombination between "dttP" and "atiB" sites. If 
the attP sequence is present on a circular molecule, and the attB site is 
present on a linear molecule, the result of the recombination is the 
disniotion of both a:t sites, and the insertion of the entire attF- 
containing molecule into the atiB site of the second molecule. The 
newlv formed linear molecule will contain an attL and an attR site at 
the termini of the inserted molecule. 

The \ Int enzvme is unable to catalvze the excision of the 
inserted molecule. Thus, the' reaction is unidirectional:. [n the 
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Cregg, J.M. (Molec. Gen. Genet. 223:320-323 (1989)), all herein 
incorporated by reference. 

Conditions or agents which increase the rate or the extent of 
priming, primer elongation, or strand displacement, mav be used to 
increase the extent of the amplification obtained with the methods of 
the present invention. For instance, as indicated above, the addition 
of topoisomerases, helicases, gyrases or singlestranded nucleic add 
binding proteins (such as the gene 32 protein of T4 or the gene 4 
protein of T7) may be used to increase the strand displacement rate of a 
DNA polymerase, or may allow the use of a DNA polymerase that 
might not ordinarily give substantial amolirication. 

It is desirable to provide to the assay mixture an amount of 
required co- factors such as Mg~ and dATP, dCTP, dGTP, TIP, ATP, 
CTP, GTP, UTP or other nucleotides in sufficient quantity co support 
the degree of amplification desired. Nucleotide analogues, etc. 
(Piccirilli, J.A. si at.. Nature 343:33-37 (1990)) can be substituted or 
added to those specified above, croviced that the base cairin°- 
polymerase and strand displacing functions are not adversely affected 
to the point that the amplification does not proceed to. the desired 
extent. 

IL THE MOLECULES EMPLOYED IN THE AMPLIFICATION 
METHOD 

A. The Nature of the Target Molecule 

Tne methods of the present invention may be used to amplify 
anv desired target nucleic acid molecule. Such molecules mav be 
either DNA or RNA. Tne molecule may be homologous to other 
nucleic acid molecules present in the sample (for example, it may be a 
fragment of a human chromosome isolated from a human cell bioosv, 
etc.). Alternatively, the molecule may be heterologous to other nucleic 
acid molecules present in the sample (for example, it may be a viral, 
bacreriai, or fungal nucleic acid molecule isolated from a sample of 



presence of the X Xis protein, the reverse reaction can proceed, and a 
site-specific recombinational event will occur between the attR and 
attL sites to regenerate the initial molecules. 

The nucleotide sequence of both the Int and Xis proteins are 
known, and both proteins (as well as the host integrative factors) have 
been purified to homogeneity. Both the integration and the excision 
reaction can be conducted in vitro (Better, M; Wickner, S.; Auerbach, J. 
and Echols, H., Cell 32:161-168 (1983)). The nucleotide sequences of the 
four att sites has also been determined (Weisberg, R. ei aL, In: Lambda 
II, (Hendrix, R. ei al., Eds.), Cold Spring Harbor Press, Cold Sprino- 
Harbor, NY, pp. 211-250 (1983), which reference has been herein 
incorporated by reference). 

Additional site-specific recombination svstems that mav be 
employed include Tpnl and the (3-Iactamase transposons (Levesque, 
R.C., /. Bacterial. I ,"2:3745-3737 (1990)); the Trt3 resolvase (Flanaean. 
P.M. et al., /. Molec. Biol 206:295-304 (1989); Stark, W.M. et al., Cell 
5^:779-790 (1989)); the yeast recombinases (Matsuzaki, K. ei al., /. 
Bacierioi. 172:610-613 (1990)); the 3. subiiiis SpoIVC recombinase (Sato. 
T. ei aL, J. Bacterial. 172:1092-1098 (1990)); the Flo recombinase 
(Schwartz, C.J. et aL. J. Moiec. Biol. 205:647-655 (1989); Parsons, R.L. et 
al., /. Bid. Chen. 255:4527-4533 (1990); Goiic, K.G. et at., Cell 59A99-5C9 
(1989); Amin, A.A. ei al., J. Molec. Biol. 224:55-72 (1990)); the Kin 
recombinase (Glasgow, A.C. et aL, f. Biol. Chem. 254:10072-10082 
(1989)); immunoglobulin recombinases (Maiyrtn, B.A. aL, Cell 
54:453-460 (1988)); and the Cin recombinase (Hafter, P. et al., EMBQ /. 
7:3991-3996 (1988); Hubner, P. et aL, /. Molec. Biol. 205:493-500 (1989)), 
ail herein incorporated bv reference. Such alternate svstems are 
discussed by Echois, H. (J. Biol. Chem. 265:14697-14700 (1990)), de 
Villartay, J.P. (Nature 335:170-174 (1988); Craig, NX. {Ann. Rev. Genet. 
22:77-105 (1988)), Poyart-Salmeron, C. et al. (EMBO J. 5:2425-2433 (1989)), 
Hunger-Bertling. K. et al. (Molec. Cell. Biochem. 92:107-116 (1990)), and 
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singie-stranded molecules to be amplified using the recombinationai- 
site-containing primer molecules described beiow. Alternatively, 
double-stranded target molecules may be iigated into circular or linear 
doubie-srranded molecules that contain recombinational sites. 

Single-stranded RNA, double-stranded RNA or mRNA are also 
capable of being amplified by the method of the invention. For 
example, the RNA genomes of certain viruses can be converted to 
DN'A by reaction with enzymes such as reverse transcriptase (Maniatis, 
T. et aL, Molecular Cloning (A Laboratory Manual), Cold Spring 
Harbor Laboratory, 1982; Noonan, K. F. et aL, Nucleic Acids Res, 
16:10366 (1988)). The product of the reverse transcriotase reaction mav 
then be amplified according to the invention. 

The comolete nucleotide seauence of the desired molecule need 
nor be known in order to employ the methods of the present 
invention. The present invention requires knowledge only of the 
seauences that flank the seauence that is to be amplified. The target 
polynucleotide that is to be amplified may thus be envisioned as 
consisting of three regions. The first region, corresponding to the 3 * 
terminus of the desired molecule that is to be amplified is the region 
to which the single-primer of the present invention hybridizes, or to 
which double-stranded ligation adaotors are added. Thus, the 
secuence of this first region must be ascertained in order to construct a 
complementary primer that would be capable of hybridizing to the 

desired molecule. 

As used herein, two nucleic acid molecules are said to be able to 
hybridize to one another if their sequences are complementary and 
thev are thus capabie of forming a stable anri-parailei double-stranded 
nucleic acid structure. Conditions of nucleic acid hybridization 
suitable tor forming such double stranded structures are described by 
Maniatis, T., et al. (In: Molecular Cloning, A Laboratory Manual, Cold 
Sorins Harbor Laboratories. Cold Soring Harbor. NY (1982)), and by 
Havmes, B.D., it al. (In: Nucleic Ac:d Hybridization. A Practical 



human biood, stools, etc.). The methods of the invention are caoabie 
of simultaneously amplifying both heterologous and homologous 
molecules. For example, amplification of a human tissue samoie 
infected with a virus may result in amplification of both viral and 
human sequences. 

The present methods do not require that the desired target 
molecule have any particular sequence or length. In particular, the 
molecules which may be amplified include any naturally occurring 
procaryotic (for example, pathogenic or non-pathogenic bacteria, 
Escherichia, Salmonella, Clostridium, Agrobacter, Staphylococcus and. 
Strevtomvces, Sirevtccoccus, Rickettsiae, Chlamydia, Mvcovixsma. 
etc.), eucaryotic (for example, protozoans and parasites, fungi, veast, 
higher plants, lower and higher animals, including mammals and 
humans) or viral (for examcie. Heroes viruses, KIV, influenza virus, 
Eostein-Barr virus, hecatitis virus, oclio virus, etc.) or viroid nucleic 
acid. Tne nucleic acid moiecuie can aiso be anv nucleic acid molecule 
which has been or can be chemicailv svnthesized. Thus, the desired 
target nucleic acid sequence need not be found in Nature. 

Tne target nucleic acid molecule which is to be amplified rr.av be 
in either a double-stranded or single-stranded form. If the nucieic ac:d 
is doubie-stranded at the start of the amplification reaction it may be 
first treated to render the two strands into a single-stranded, or 
partiallv sinde-stranded, form. Methods are known to render double- 
stranded nucieic acids into single-stranded, or partially single-stranded, 
forms, such as heating, or by alkali treatment, or by enzymatic 
methods (such a by heiicase action, etc.), or by binding proteins, etc. 
General methods fcr accomplishing this treatment are provided by 
Maniatis. T., ei al. (In: Molecular Cloning, A Laboratory Manual, Cold 
Serin? Harbor Laboratories, Cold Spring Harbor, NY (1982)), and by 
Havmes, B.D., ei al. (In: Nucleic Acid Hybridization, A Practical 
Approach, IRL Press, Washington, DC (1985)), which references are 
herein incorporated bv reference. Such trearmenc permits the obtained 
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not be of a length sufficient to permit stable priming. In a preferred 
embodiment, however, the third region must be of sufficient length to 
permit stable hybridization to occur. In this embodiment the third 
region is preferably of a iengrh of 15 to 50 nucleotides in length. 
Longer or shorter primers may be used, however. 

Thus, the extent of sequence information of the desired 
molecule that is needed to practice the present invention is typically 
less than that needed to practice PCR methods. 

B. The Nature of the Single Primer 

In its most preferred embodiments, the present invention 
employs a single pnmer to achieve the amplification of the desired 
molecule. This single primer is also referred to herein as an 
"Amplification Primer/' in order to distinguish it from other primers 
that optionally may be employed. The single primer molecule is of 
suitable length to stably hybridize to the firs: region of the desired 
molecule. Primer molecules of 10-50 nucleotides are thus suitable. In 
a most preferred embodiment, the primer molecule will comprise 
from 3' terminus to 5* terminus: 

(1) a first ooivnucleotide region comolementar/ to the 3' 
terminus of the target Doivnucieotide region; 

(2) a second polynucleotide region containing modified 

nucleotides (especially methylated nucleotides or (a- 

thio)phosphorothioate nucleotides, wherein, if the 
second polynucleotide region were hybridized to a 
comolementarv oolvnucleotide, a double-stranded 
rcivnucleoride would therebv be formed that would 
contain one or more restriction endonuciease cleavage 
sites that would be recognized by a restriction 
endonuciease that is substantially incapable of cleaving a 
strand of a nucleic acid molecule that contains the 
modified nucleotides; and 
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Approach, IRL Press, Washington, DC (1985)). For the purpose of the 
present invention, the sequences need not exhibit precise 
complementarity, bur need only be sufficiently complementary in 
sequence to be able to form a stable double-stranded structure. Thus 
departures from complete complementarity are permissible, so long as 
such departures are not sufficient to completely preclude hybridization 
to form a double-stranded structure. 

The size of the first region of the target moiecule is such as to 
permit a primer molecule to stably hybridize to it. Preferably, 
therefore, the first region of the desired molecule will be greater than 
10 nucleotides in ieneth, and most preferably, 15 to 30 nucleotides in 
length. Longer or shorter primers may be used, however. The use of 
shorter crimers mav result in the amplification of nucleic acid 
sequences in addition to that of the desired sequence. The use of 
longer primers mav slow the rate of hybridization. Extension of the 
primer may be done with reverse transcriptase where the desired 
molecule is oresent as RNA. Alternatively, such extension can be 
accomplished with other DNA polymerases where the desired 
moiecule is DNA.. If the first region is not used as a temolate for a 
primer, it need not be of a length sufficient to permit stable priming. 

The second region of the desired molecule is located 5* to the 
first region, and consists of the central portion of the desired moiecule. 
The second region of the desired molecule mav have anv sequence, 

* 

and be of any length. As stated above, the sequence of this region need 
not be known in order to follow the methods of the present invention. 
Tvpicallv, the second region mav extend from a few nucleotides to 

several kilobases. 

The third region of the desired molecule is located at the 5' 
terminus of the desired molecule. The sequence of this region must be 
known in order to follow the methods of the present invention. 
TvDicailv, the third region mav extend from as few as 3 nucleotides to 
10-20. If the third region is not used as a template for a primer, it need 
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(a-thio)- phosphorothioate nucleotides), such that a restriction 
endonuclease that recognizes such restriction site .will be incapable of 
cleaving that strand containing the modified nucleotides, but will 
cleave that stand lacking modified bases (or vice versa). The target 
polynucleotide will be present in that strand of the hemi-modified site 
that is cleaved by the restriction endonuclease. 

Such a double-stranded circular molecule can be obtained in anv 
of a variety of ways (see Figures 11 and 12). In one embodiment, a 
circular double-stranded DN'A precursor molecule comprising: (a) a 
lox site; (b) a target restriction endonuclease cleavage site; and (c) a 
hemi-modified restriction sire located between the target restriction 
endonuclease cleavage site and the lox site will be employed. The 
target polynucleotide is introduced (e.g., via target restriction site 
cleavage and ligation) into such a circular precursor molecule in order 
to form the desired double-stranded circular molecule. In emolovins; 
such a circular precursor moiecule, the molecule's lox site must be 

oriented (3' — > 3') opposite to the orientation of the single primer (such 
that if chat srrand of "he desired circular molecule that lacks modified 
nucleotides were linearized bv cleavage at the hemi-modified 
restriction site, and were hybridized to the single primer, primer 
extension of the linearized moiecule would vieid a linear double- 
stranded molecule having a lox site at each end that would be in direct 
orientation with respect to one another (see. Figure 11). 

In an alternative embodiment, such a double-stranded circular 
molecule is obtained via Cre-mediated recombination of a linear 
double-stranded DN'A molecule that comorises: (a) a first lox site 
located at a first end of the linear moiecule, (b) a second lox site located 
at a second end of the linear molecule, wherein the first and the 
second lox sites are directly oriented with respect to one another so as 
to permit the Cre to mediate the circularization of the linear double- 
stranded moiecuies, and to therebv form the double-stranded circular 

m 



(3) a third polynucleotide region, wherein, if the third 
polynucleotide region were hybridized to a 
complementary polynucleotide, a double-stranded 
polynucleotide would thereby be formed that would 
contain a recombinationai site (especially a lax site); 
In a highly preferred sub-embodiment, the single primer will 
additionally contain a fourth polynucleotide region, the fourth 
polynucleotide region of the Amplification Primer molecules being 
located 5' to the third polynucleotide region of the Amplification 
Primer molecules, and having a nucleotide sequence complementary 
therero, such that the third and fourth oolvnucieontie regions of the 
Amplification Primer molecules are hybridized co one another 
forming a complete or (more preferably) a oartial recombinationai site. 

Any of a variery of methods can be used co produce the primer 
molecule. For example, the moiecule can be excised from a vector that 
concains it usina suitable enzvmes, such as restriction enzymes. Most 
Dreferablv, however, the urimer will be made synthetically, usine well- 
known chemical methods. 

Since the lex site is the most preferred recombinationai sire. of 
the present invention, the following description illustrates the 
invention bv reference to the lax recombinationai site. It will, 
however, be recognized that anv of the above-described 
recombinationai sites mav be alternatively emoloved. 

C The Adaptor Molecules of the Invention 

The above-described single primer is preferably employed in 
concert with a tarzer ooivnucieotide that has been adapted to be a part 
of a circular double-stranded DMA molecule that comprises: (a) a lax 
site; (b) the tarzet polynucleotide region; and (c) a hemi-modified 
restriction site located between the target polynucleotide region and 
the lax site, wherein one strand of the hemi-modified rescriction 
contains modified nucleotides (especially methylated nucleotides and 
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terminus of the primer extension product is altered (e.g., via liration) 
using a 5' adaptor moiecule. With respect to the alteration of the 3* 
terminus or the primer extension product, such alteration can be 
accomplished using either a single adaptor molecule, or, in an 
alternate embodiment with a pair of adaptor molecules having similar 
structure (ana resulting in a mixture of primer extension products, 
some of which have been modified by one of the 3' adaptor molecules, 
and some of which have been modified by the other 3' adaptor 
molecule). Thus, for example, a linear doubles trandec nucleic acid 
molecule containing the desired sequence may be incubated in the 
presence of lipase and double-stranded nucleic acid adaptor molecules 
so as to cause the adaptation of both ends of the linear moiecule. 
Aitemativeiv, such adaptation mav be accomplished usin? primers 
and a poivmerase-mediated primer extension reaction. In a third 
alternative, a combination of ligation ('to adapt one end of the linear 
nucleic acid molecule containine the desired secuence; and orimer 
extension (to adapt the linear molecule's other end) may be employed. 

The adaptor molecules permit the linear molecule to :orm 
either single-stranded or double-stranded crcular nucleic acid 
moiecuies which mav be readilv amplified under isothermal 
conditions. 

1) Illustrative Adaptor Molecules of the S Terminus 

Any of a variety of adaptor molecules may be used to modify the 
5' terminus of the primer molecule or the primer extension product 
such that it contains a recombinational site, most preferably a lox site. 

The acaocor molecule of the 5* terminus can be added to the 
primer molecule either before or after its template dependent 
extension. In the most preferred embodiment a primer molecule is 
emp loved that has been modified to contain the 5* adapter molecule. 
Thus, in this embodiment, the primer may be synthesized such that it 
contains an additional region (including the recombinational sue) at 
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molecule; (c) the target polynucleotide region located internal to the 
first and second lox sites; and (d) a hemi-modified restriction site 
located between -the target polynucleotide region and one of the lox 
sites, wherein one strand of the hemi-modified restriction site of each 
of the linear molecules contains modified nucleotides (esoeciallv 
methylated nucleotides and (a-thio)phosphorothioate nucleotides), 
such that a restriction endonuclease that recognizes such restriction 
site will be incapable of cleaving that strand containing the modified 
nucleotides (see, Figure 12). 

In a sub-embodiment, such a linear molecule may be obtained 
by inserting the target polynucleotide into a targe: restriction 
endonuclease site of a precursor double-stranded linear nucieic acid 
molecule that comprises: (a) a first lax site located at a first end or* the 
linear molecule, (b) a second lox site located at a second end of the 
linear moiecuie, wherein the first and the second iox sites are directly 
oriented wirh respec: :o one another so as to permit the Cre :o mediate 
the circuiarization of the linear doubie-stranded molecules, and :o 
thereby form the dcubie-s branded circular moiecuie; (c) a tarzer 
restriction endonuclease cleavage site; and (c) a hemi-modified 
restriction sice located between the target restriction site and one of the 
iox sites. 

In alternative embodiments, such linear molecules rnav be 
obcained using one or more specialized "adaptor molecules." Such 
adaptor molecules alter the 3' and .5' termini of the tarser moiecuie in 
Oder to install the lox sites and hemi-modified restriction site onto the 
target moiecuie. 

Such adaotor molecules mav be either oarriaiiv smsie-stranded. 
partiallv doubie-scranded nucieic acid molecules, completely single- 
stranded or comoleieiv double-stranded moiecuie. Thus, in one 
embodiment, the adactation of the 5* terminus is accomplished bv 
employing a primer moiecuie whose 5* terminus is designed such that 
tc contains the desired adactation. In a second embodiment, the 5* 
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preferred. Examples of suitable 3* adaptor molecules are shown in 
Figures 2A and 2B. 

* 

a) Adaptor Molecules for the Formation of 
Single-Stranded Circular Molecules: Use of 
5 Partially Single-Stranded and Partially 

Doubie-S branded 3' Adaptor Molecules 

In one embodiment, a partially single-stranded and partially 
doubie-stranded nucleic acid adaptor molecule is employed to alter the 
3' terminus of the primer extension product as a prelude to the 
10 formation of single-stranded circular molecules. A feature of such 
molecules is that they possess a 3 f protruding region having a 
predefined sequence. The sequence of this protruding sequence is 
selected such chat 3'-most portion of the region has the same secuence 
as that of the third region of the desired molecule. In a first preferred 
.5 sub-embodiment, this uro trading terminus is blocked, as bv the use or 
presence of a dideoxvnucieotide, etc., such that it is incacable of beins 
extended by a polymerase in a template-directed process. 

The srrand of the adaptor molecule that contains the 3' 
protruding sequence may be composed of RNA, such that.it can be 
0 readiiv degraded bv the inclusion of RNAse to the reaction, or bv alkali 
treatment Methods of forming RNA oligonucleotides are disclosed by 
Sharmeen, L et al. (Nucleic Acids Res. 15:6705-6711 (1987)) and by 
Miiligan. J.F., et aL, Nucleic Acids Res. 15:3783-3798 (1987)). In another 
embodiment the strand of the adaptor molecule that contains this 
5 protruding sequence is composed of a nucleic acid that has been 
biotinvlated, such that the strand can be seiectiveiv removed from the 
reaction bv addition of agents such as anti-biocin antibodies, avidin, 
streptavidin, etc. 

A second feature of the adaptor molecules is the presence of a 
double-stranded region located 5' to the above-described protruding 3' 
terminus. 
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its 5' terminus. If desired, when employing a recombinational site 
that, like lax exhibits directionality, some of the primer may be 
synthesized with the lax site in one orientation, and some of the 
primer synthesized with the lox site in the opposite orientation. 
Alternatively, 5' adaptor primer molecules that ail have their 
recombinational site in a single orientation can be used in conjunction 
with 3' adaptor molecules that contain their recombinational site in an 
appropriate orientation. 

Alternatively, however, the 5' terminus can be modified 
through the action of a ligase using either single-stranded or, more 
preferably, double-stranded DNA containing the recombinational size. 
In one embodiment, such ligation substrates will possess a 5' 
terminus (such as a 5' hydroxyl group) that prevents the ligation or 
more than one such ligation substrate molecule to the primer 
extension molecule. Alternatively the adaotor molecule mav be a 
smele-stranded molecule, that exhibits intra-strand hvbridization (La. a 
"hairom" looo). As in the case of the adaoted primer molecule 
discussed above, the use of a recombinational sire having 
directionalitv will generally reouire the use of two hairs in looo suecies 
having ODDOske orientations for their recombinational sites. 
Alternatively, one may ligate a double-stranded molecule having the 
above-described attributes of the single-stranded 5' adaptor to one end 
of the linear double-stranded molecules of the samole. Additional 

* 

seauences mav, if desired, be added 3' or 5' of the recombinational site. 
Examples of suitable 5* adaptor molecules are shown in Figure 1. 

2) Illustrative Adaptor Molecules of the 3* Terminus 

Anv of a variety of different acactor molecules can be used to 
alter the 3' terminus of the primer extension molecule. The choice of 
which type of adaptor molecule to use will depend upon whether the 
formation of single-stranded or double-stranded molecules is 
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embodixnent of this embodiment, the sequences of the external and 
internal repeated sequences are different. The sequences of the two 
adaptor molecules are selected such that the nucleotide sequence of the 
external inverted repeat sequence of the first of the two adaptor 
molecules is different from the external inverted repeated sequence of 
the second of the two adaptor molecules. The sequences of the 
external inverted repeats of the first and second adaptor molecules are 
thus selected such that they are substantially incapable of hybridizing 
to one another (i.e. the external repeat sequence of the first adaptor 
molecule is substantially incapable of hybridizing to the external 
inverted repeat of the second adaptor molecule). The nucleotide 
sequence of the internal inverted repeated sequences of the two 
adaptor molecules is preferably the same, or at least sufficientiv similar 
to allow the respective internal repeated sequences of the adaptor 
molecules to hybridize to one another. If the internal repeated 
sequences are interrupted bv a primer binding site, such secuences mav 
be different, but will oreferablv be the same. 

As used herein, two sequences are said to be "inverted repeats" 
of one another if thev are complementary to one another. Similariv, 
an "inverted reseat seauence" is comoosed of two oiieanucieotide or 
polynucleotide seauences ("arms") which are complimentary to one 
another. Thus, a feature of the adaptor molecules is that, although the 
inverted repeat sequences of the two strands of the double-stranded 
region of the adaptor molecules are hybridized to one another in the 
adaptor molecule, thev would be capable of intra-strand hvbridization 
(i.e. "snapping-back" and forming a hairpin loop structure) if the 
adaptor molecule were denatured or converted to a single-stranded 
form. The ieneth of the inverted repeated seauences is selected such 
that incra-strand hybridization would be possible if the . adaptor 
molecule were denatured or converted to a single-stranded form. 
Thus, the inverted repeated sequences are preferably greater than 10 
nucleotides in length, and most preferably, 13 to 50 or more 
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In one embodiment, the invencion employs a single such 3' 
terminus adaptor molecule whose double-stranded region comorises a 
pair of inverted repeated sequences, preferably separated by a spacer 
sequence. This aspec: of the invention is shown in Figure 2A 
(Drawing A), wherein the terms X and X* are used to designate 
complementary sequences that comprise the inverted repeated 
sequence. The spacer sequence is preferably 3-100 nucleotides in 
length. Tne length of the spacer is selected such that the inverted 
repeated sequences are sterically capable of hybridizing to one another. 
Thus, if the inverted repeated sequences are of sufficient length, the 
sequences will be capable of hybridizing to one another in the absence 
of a spacer sequence. In a preferred embodiment, however, the spacer 
sequence is 10-30 nucleotide long, and preferably not an inverted 
reseated seauence. In :his embodiment, the suacer secuence is ad acred 

4. I ... 

to function as a primer binding site (designated "PBS" in the Figures) 
for the amcliricarion or' the desired secuence. 

In an alternate preferred embodiment, the invention employs 
two different 3' terminus adaccor molecules. In each of these adaptor 
molecules, the scacer sequence is composed of a second pair of 
inverted repeated secuences, such that the structure of the adaptor 
molecuie oro vices a sair of external inverted repeated sequences that 
flank a oair of internal inverted repeated sequences. In a preferred 
embodiment, the sequences of the pair of internal inverted repeated 
sequences are interrupted by a primer binding site that is preferably 10- 
50 bases long, and preferably not an inverted repeated sequence. This 
asDect of the invention is shown in Figure 2A (Drawing B) and Figure 
25 (Drawing D), where the term "PBS" is used to designate the relative 
position of the optional primer binding site, the terms Y and Y' or Q 
and Q are used to designate complementary sequences that comprise 
the octionai internal inverted repeated sequences, and the terms X and 
X' are used to designate complementary sequences that comprise the 
external inverted reseated sequences. In the most preferred sub- 
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In a preferred embodiment, the strands of the adaptor 
molecule(s) are prepared separately (preferably by primer extension 
using suitable primers and templates, or by clonal propagation, by 
transcription, by synthetic means, or by any combination of these 
methods), and then mixed together under condidons sufficient to 
permit the molecules to hybridize to one another. This method is 
particularly suited to the embodiments wherein the strand that 
contains the protruding 3' end is RNA or is biotinyiated. Tnose of 
ordinary skill will readily comprehend alternative methods for 

form in e the adaptor molecules. 

^ *. 

b) Adaptor Molecules for the Formation of 
Single-Stranded Circular Molecules: Use of 
Sinde-Stranded 3 f Adaptor Molecules 

In a second, and preferred, sub-embodiment, the adapter 
molecule(s) in the formation of singie-stranded circular molecules wiil 
be singie-scranded DNA (preferably biotinyiated) or RNA molecules. 
Such molecules will have a sequence and scrucrure that are identical :o 
the structure of the that strand of the above-described oartiailv single- 
stranded and oartiailv double-srranded adactor moiecuies which 
contain the discussed orotrudin^ 3* terminus. In the most preferred 
embodiment, the 3' terminus of the molecule is blocked, such that it 
cannot be extended by a polymerase. 

3) Adaptor Molecules for the Formation of Double- 
Stranded Circular Molecules 

The above-described 3* adaptor molecules are designed to 
cermit the formation of sineie-stranded circular molecules. In order 

L W 

to form double-stranded circular moiecuies, a different rype of 3* 
adaptor molecule is preferably employed. 

In this embodiment of the invention, the 3' terminus of the 
o rimer extension oroduct is modified such that it contains a 
recombinancnal site. Ir a site such as lax is employed, the orientation 



nucleotides in length. Longer or shorter inverted repeated sequences 
may however be used. The use of shorter inverted reseated sequences 
may result in a decreased rate of hairpin formation. The use of longer 
sequences may lead to a destabiization of inter-strand hybridization, 
and thus may be undesirable where such hybridization is desired. 

When defining conditions to be used in anv specific 

■* * 

embodiment of the present invention, it is desirable to select a primer 
that cannot prime on itself. To minimize the likelihood of potential 
interfering reactions, candidate primers should be tested in reactions 
which address this issue prior to use in the amplification process. One 
such example is to measure the addition of nucleotides bv a 
polvmerase to the 3' end of the candidate orimer in the absence of anv 
target molecule. 

The above-described adaccor molecules can be synthesized usin? 
any of a variery of methods. For example, the "inverted repeated 
sequence- inverted repeated sequence/' "inverted repeated sequence- 
scacer sequence-inverted repeated sequence" or the "external inverted 

reseated secuence-internal inverted repeated seauence-intemai 

*■ * 

inverted retreated secuence-extemal inverted reseated seauence" 
segment of the adaptor molecules can be obtained by cloning such a 
seauence. crocasatins the vector, and then excising the seauence usins 
a restriction endonuciease. The protruding 3' terminus can be formed 
usins deoxynucleotide terminal transferase and the aporooriate 
nucleotide triohosuhates. In following such a method, it would be 
desirable to block the 3* terminus of the second strand of the adaptor 
molecule. Alternatively, the protruding 3' terminus can be added by 
iieatmg a smeie- or doubie-stranded molecule to the "inverted repeat- 
inverted repeat" segment of the adaptor molecule (or any of the above- 
described variants thereof), and then removing the sequence 
comoiementarv to the "protruding 3 f sequence" to thereby render that 
seauence actually crotruding. 
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complementary to that of the optional primer binding site of the 3' 
terminus adaptor molecule. Most preferably, the substrate is a primer 
that contains the 5' adaptor molecule (including a recombinational 
site). Tne above-described single primer is the most preferred 
amoiification substrate. 

OL ILLUSTRATIVE AMPLIFICATION METHODS OF THE 
PRESENT INVENTION 

A. Primer Extension Method 

1. The First Step of the Method 

In the first siev of one embodiment of the amniification 
methods of the present invention, the nucleic acid molecules of the 
samcie are incubated with the above-described single primer moiecuie 
in the presence of DNA polymerase, and requisite nucleotide 
triohoschares and co-factors. The molecules are incubated under 
conditions sufficient to permit the primer to hybridize to its targe: 
sequence, and to be extended to form a primer extension product. 
Thus, if the desired sequence is a doubie-stranded DNA or RNA 
moiecuie, the strands are separated as by heat denaturation, or other 
means. If the desired sequence is a stngie-stranded DNA or RNA 
molecule/ the denaturation step may be omitted. 

In one sub-embodiment of the invention, as for example when 
the concentration of the desired molecule is- anticipated to be low, the 
molecules can be denatured and renatured in a c/ciical manner so as to 
Dermic reseated rounds of pnmer extension. In this embodiment, the 
use of thermostable polymerases, such as Taq polymerase is preferred, 
so that the excense of adding new polymerase can be avoided. 

Most preferably, the conditions of the pnmer extension will be 
controlled such that the average length of the extended single primers 
will be the length separating the beginning of the first region from the 
end of the third region of the desired molecule. Such controlling or 



of the site must be such that upon adaptation, the two lax sites are 
present in a direct repeat orientation. For such purpose, a papally 
singie-scranded and partially double-stranded adaptor molecule or a 
singie-stranded molecule is employed. The partially single-stranded 
and carnally double-stranded adaptor molecule will have a protruding 
2' terminus that is capable of hybridizing to the primer extension 
product in the manner described above, and of being extended in a 
template-dependent manner. The double-stranded region of the 
molecule, located 5' to the protruding T terminus, will comprise a 
recombinational site. Most preferably, the double-stranded region will 
also contain a region that is substantially incacable of ?art:c:Datin* in 
inter-strand hybridization flanked by sequences that are capable of 
participating in such hybridization. Most preferably, such incaoacitv is 
obrained through the use of sequences that are identical, and have the 
attributes of the primer binding sequence discussed above. Such a 
moiecuie is illustrated in Figure 23 (Drawing C). If a single-stranded 3' 
terminus adapcor moiecuie is employed, the moiecuie will preferably 
contain :he same structure and sequence as that strand of the above- 
described partially singie-stranded and partially doubie-stranded 
adaptor moiecuie that possess the protruding 3' terminus. 
Alternatively, one may iigate a doubie-stranded molecule having- the 
above-described attributes of the singie-stranded 3' adaptor to one end 
of the linear doubie-stranded molecules of the samole. 

D. The Amplification Substrates 

The present invention emolovs amciirication substrate 
molecules In order to achieve the amplification or the desired 
molecule. 

Any of a variety ot amplification substrates mav be emoloved. 
In one embodiment, such substrates are either the primer molecule 
used to form the primer extension product (i.e., a 5' adaptor primer 
(either containing or lacking the 5' recombmational si:e) or a sequence 
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the adaptor molecules used in this embodiment will contain blocked 
3' termini. 

In this embodiment, the primer extension products, which have 
been rendered single-stranded, are permitted to hybridize to the 
adaptor molecules. As indicated above, the molecules have regions of 
homology sufficient to permit the primer extension products to 
hybridize to the adaptor molecule. 

Regardless of which type of adaptor molecule(s) is employed, 

the further extension of the D rimer extpnsinn nrnHnrtc r^c?™!^ ;«« iU. 



formation of a partiaily-double-stranded and panially single stranded 
molecule. The molecule is characterized in possessing a protruding 5* 
terminus whose sequence comprises that of the primer extension 
product. If the adaptor moiecuie was partially double-stranded, the 
further extension of the primer extension product causes the 
'5 displacemenr or destruction of the strand that was iniriailv 
complementary to the template. 

b) Ligation 

In a second subembodiment, to be used for example -when the 
partially single-stranded /partially double-stranded 3* adaptor 
3 molecule(s) of the present invention is employed, the adaptation of 
the 3' terminus of the primer extension product is accomplished bv the 
ligation of the primer extension molecule to the 3' adaptor moiecuie 
(Figure 3B, line D). Because of the complementarity between the 
sequence of the protruding 3' terminus of the adaptor moiecuie and 
: the 5* terminus of the primer extension molecule, the two molecules 
can hybridize to one another. Since the primer extension reaction has 
been controlled so that the average extension product terminates at a 
length corresponding to the end of the third region of the desired 
moiecuie, the average primer extension product will have a 5* 
terminus that can hvbridize to the adaptor moiecuie. 



conditions can be accomplished by altering the concentration of DN'A 
polymerase, the duration of the poiymerization reaction, or bv 

limiting the concentration of a nucleotide triphosphate such that 
"stuttering" of the primer extension product occurs when it reaches 
the desired average length. 

After single primer extension has been completed, the reaction 
is treated, preferably with heat or RNAse H (if the target molecule was 
RNA) so as to denature double-stranded nucleic add molecules and 
render such molecules single-stranded. If desired, excess primer can be 
removed rrom the sample (as by filtration, adsorption, etc.), however, 
such action is not necsssarv to the invention. 

2. The Second Step of the Methods; Adaptation of the 
3* Terminus of the Primer Extension Product 

The second srep of this embodiment of the method entails the 
adaptation of the primer extension product such that ir is capable of 
conversion into a circular molecule. The adaptation of the 3' 
terminus may precede or follow the adaptation of the 5" terminus, 
depending upon the adaptor molecules, selected. Adaptation of the 
termini mav also be accomplished simultaneously. As indicated, the 
adaptation of the 5* terminus mav be accomplished through the use of 
modified primers, and may thus be accomplished prior to the primer 
extension step. 

a) Further Primer Extension 

In a first and preferred sub-embodiment employing either the 
partially single-stranded /partially doubie-stranded 3' adaptor 
molecule(s) or the single-stranded 3' adaptor moiecuie(s), the 
adaptation of the 3* terminus of the primer extension product is 
accomplished through the further template-mediated extension of the 
primer extension products (Figure 3 A. lines A, B, Q. Most preferably, 
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3. The Third Step of the Embodiment: Adaptation of 
the 5' Terminus of the Primer Extension Product 

■ 

Where the 5" terminus of the above-described primer was not 
initially modified to contain a DNA sequence that, when present in- a 
double-stranded form comprises a recombinational site, such a 
sequence or site is added to the molecule produced after modification 
by the above-described 3* adaptor molecules. 

a) The Methods Wherein the 3* Adaptor 
Molecule Comprises a Recombinational Site 

In the subembodiment wherein the 3' adactor molecule 
comprises a recombinational site, it is important that the orientation 
of that site be the same as the orientation of the recombinational sire 
that is to adapt, or has adapted, the 3' terminus of the primer or primer 
excension Droduct. 

In this embodiment of the methods of the invention, illustrated 
in Figures 4A, 46, 4C and 4D, the s in gie-s tranced adaptor molecule (if 
that 3' terminus adaptor molecule was used), or the strand of the 
above-described partially single-stranded and partially double-stranded 
adaotcr molecule that possesses the crotrudin? 3* terminus (if that 3' 
terminus adaptor molecule was used) is not removed, and is extended 
by a DNA polymerase to form a double stranded linear DNA molecule 
having termini that comprise recombinational sites (in direct 
orientation, if lax? sites). Preferably, the use of a primer binding site in 
the adaptor molecule will create a "bubble" of single-stranded, region 
located between the recombinational sites. 

Action bv a recombinase on the recombinational sites vields a 
double-stranded circular molecule. If the molecule contains the 
described primer binding site, then such site will provide a single- 
stranded region which mav be used to initiate the replication of the 
circular molecule. 



In an alternative embodiment, of the invention, as for examoie 

i. 

when the concentration of the desired moiecuie is anticipated to be 
high, the molecules of the sample need not be denatured and can be 
directly cleaved into double-stranded moiecuies and then incubated 
with doubie-stranded or "hairpin "-shaped adaptors that contain 
recombinational sires and the other adaptor attributes described 
herein, so as to produce double-stranded molecules that contain the 
desired 3' and 5' adaptations. 

When the adaptor molecule is DNA, any DNA ligase may be 
used to accomplish the ligation of the strands. Significantly, primer 
extension products that are longer or shorter than the precise length 
needed to permit the recessed 5' terminus of the adaptor to abut the 3" 
terminus of the primer extension are not amplified by the methods of 
the invention. They need not be removed from the reaction, and do 
not interfere wi;h :he subsecuent desired amotification. 

When the adaptor molecule is a DNA/RNA hybrid (in which 
the scrand having the protruding 3' terminus is RNA), T4 ligase is 
emr? loved to Iisate the DNA strands together (Lehman, LR., Science 
156:790-797 (1974); Olivers, B.M. et at., /. Malec. Biol. 25:261 (196.5); 
Kieppe, EC. ei al.. Free. Natl. Acad. Sci. (U.S.A.) 67:63 (1970); Fareed, G.C. 
si al., J. Bioi. Chsn. 2*5:925 (1971;; Sgarameila. V. v. al., Proc. Nat'.. 
Acad. Sci. (U.S.A.) 57:1463 (1970)). 

The primer molecules will also have been modified to contain a 
recombinationai site at their 5* terminus as discussed above. Such 
modification may be performed prior to or after the primer extension 
of the first or second steos of the method. If the modification is 
performed bv ligation usins a single-stranded molecule, the 
modification is performed prior to the third step of the process. If the 
modification is performed by ligation using a double-stranded 
molecule, the modification is performed after the 5* terminus of the 
crime: extension product has been rendered double-stranded. 
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the extension product is accomplished after such hairpin loop 
structures have formed, by providing doubie-stranded 
recombinational sites to the reaction, and permitting such sites to 
iigate to the terminus of the hairpin. This mode of adaptation is 
preferred, since the ligation of such molecules will occur in a 
randomized orientation, such that, on average one-half of the 
molecules will contain recombinational sites that are in one 
orientation, and one-half of the molecules will contain 
recombinational sites that are in the opposite orientation. 

Action bv a recombinase on the recombinational sites of two 
adacted hairain iooo molecules having the oucosite orientation (i.e. 
direct repeat) yields a single-stranded circular molecule. If the 
molecule contains the described primer binding site, then such site 
will provide a region which may be used to initiate the replication of 
the circle in a twin origin "rolling circle" repiicon manner as described 
below, 

c) The Methods Wherein the 3* Adaptor 
Molecule Comprises a Pair of Nested 
Inverted Repeated Sequences 

In the subembodiment wherein the 3* adaptor molecule 

comprises a cair of nested inverted repeated secuences (Figure 6), the 

* * * 

strand of the adaptor molecule that contained the "protruding 3* 
terminus" is separated from the srimer extension strand, in the 

* 

manner described above. 

The reaction conditions are then adjusted, if necessary, to 
permit DNA hybridization to occur. The random hybridization of the 
- r - 0 r av-a- SIC r ducts will aisc result in tne rormation or a 
doubie-stranded molecule having different extemai inverted repeated 
sequences (i.e. formed from different 3' adaptor molecules, having 
different extemai inverted repeated sequences such as are depicted as 
X/X" and Q/Q"). The strands of these molecules will anneal to one 
another due to hvbridizaticri between their respective internal 
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In one embodiment, such replication leads to a theta replicon. 
In a preferred embodiment, the double-stranded circle is "nicked" in 
one strand to permit a "roiling circle" replicon to form. 

b) The Methods Wherein the 3* Adaptor 
Molecule Comprises an Inverted Repeated 
Sequence 

In the subembodiment wherein the 3' adaptor molecuie 
comprises an inverted repeated sequence (Figure 5), the strand of the 
adaptor molecule that contained the "protruding 3' terminus" is 
separated from the primer extension strand. Any means known in the 
art may be used to accomplish such separation. Optionally, and 
preferably, the strand of the adaptor molecuie that contained the 
"protruding 3' terminus" is removed from the sample. In a less 
preferred embodiment, the strand of the adaotor molecuie that 
contained me "protruding 3' terminus" is labelled with biotin. In this 
subembodiment, the sample '.s heated to denature double-stranded 
molecules and treated with a biocin-binding agent (for example, 
streptavidin) to therebv separate or remove the biotinvlaced molecuie 
from the primer extension product. 

In the most preferred subembodiment, the strand of the adaotor 
molecule that contained the "protruding 3' terminus" is RNA, and is 
separated or removed from primer extension product throueh the 
enzymatic activity of RNAse K, which preferentially degrades the 
RNA strand of an RNA /DNA hvbrid. 

The reaction conditions are then adjusted, if necessarv, to 
permit DNA ootvmerization to occur. DNA poivmerase is added, if 
needed, to the reaction, along with nucleotide triphosphates, etc., such 
that template-dependent extension of the 3* terminus of the adapted 
molecules can occur. 

Since the adaptor molecule contains an inverted repeat such 
polymerization results in the formation of a hairoin loop structure. In 
a preferred mode of the invention, the adaptation of the 5' terminus of 



10 



PCTAJS9<w0l379 

- 52 - 

recombinase converts the linear molecules into a single strand circular 
molecule (Figure 7). Similarly, two hairpin loops having 
recombinational sites in the same directional orientation can be 
recombined to form a singie strand arcuiar molecule (Figure 7). These 
5 circular molecules are characterized in having two copies of each 
strand of the desired sequence, four copies of the spacer region (which 
optionally comprises the described internal inverted reseated 
sequences), two copies of each of the two external inverted repeated 
sequences and a single recombinational site (Figure 7). 

Unless the initially employed primer sequences have been 
removed or destroyed, these sequences wiil disoiace the hvbridized 
strands of the circular molecule. Such displacement may be facilitated 
by thermally denaturing the molecule, if desired. Such secuences mav 
be used co amolifv the desired seauenca. 
15 Alternatively, amplification may be accomplished bv providing 

a primer that is complementary to the optional -rimer binding 1 site. 
Since the circular molecule does not contain anv seouence 
complementary to the primer binding site, such primer molecuies can 
readily access the site and initiate amplification without . thermal 
20 denaturation. 

For singie-stranded circular molecules, since the primers can 
anneal at two sites on the molecule, primer extension yields a twin- 
origin "roiling circle" replicon (i.e. a rolling circle replicon having two 
extending strands, as shown in Figure 8A). 

For the double-stranded circular molecuies produced by the 
above method steus, amulification can be preferabiv obtained in either 
or two manners. In one embodiment, in which the addition or 
toooisomerase or ?vrase is desirable, the double-stranded molecule is 
replicated to form a theta replicon (Figure SB). More preferably, one 
0 strand of the double-stranded molecule is nicked, such that primer 
extension results in the disulacement of the nicked strand and the 
formation or a "roiling circle" replicon. Such nicks can be produced by 
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inverted repeated sequences. Because the external inverted repeated 
sequences of the two strands are not complementary to one another, 
they will not hybridize to one another. Thus, the external repeated 
sequences of each strand will be able to participate in intra-strand 
hybridization. 

After permitting such hybridization, DNA polymerase is added, 
if needed, to the reaction, along with nucleotide triphosphates, etc., 
such that template dependent extension of the 3' terminus of the 
adapted molecules can occur. The action of DNA polymerase on these 
molecules will lead to the formation of a "bow-tie" molecule 
characterized in possessing two hairpin loops that are annealed to one 
another bv virtue of the hvbridization between the internal inverted 
repeated sequences of the molecules. 

The terminus of these molecules is then preferabiv adaoted bv 
orovidine doubiestranded recombinational sites to the reaction, and 
permitting such sites to lieate to the terminus of the hairein, in the 
manner described above. Approximately one-half of ail bow-tie 
molecules will contain recombinational sites in direct repeat. 

Action bv a recombinase on the recombinational sites of two 
adapted hairpin loop mclecuies having the opposite orientation (i.e. 
direct reseat) vieids a single-stranded circular molecule. If the 
molecule contains the described primer binding site, then such site 
will provide a region which may be used to initiate the replication of 
the circle in a twin-origin "rolling circle" manner as described below. 

4. The Fourth Step of the Embodiment: Amplification 

Because the above stess produce molecules -hat conrain 
recombinational sites (e.g. loxP), the addition of a recombinase 
(preferabiv Cre) catalyzes a double-strand exchange at the 
recombinational sites of the molecules. 

For a "bow-tie" molecule having recombinational sites in the 
same -directional orientation, the recombinational action of the 
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B. Ligation Extension Method 

In an alternate embodiment, the nucleic acid of the samole is 
cleaved (either enzymaticaily, or by physical means, such as shearing 

sonicarion, etc.) into linear double-stranded polynucleotides. The ends 
of the polynucleotides are adapted (if necessary) so as to permit the 
polynucleotide to be inserted (most preferably via ligation) into a targe: 
restriction endonuclease cleavage site of either a precursor linear 
double-stranded molecule, or into a precursor circular molecule. In a 
preferred embodiment of such methods, the Iigase will not be 
thermally stable, or will be otherwise labile, such that after the initial 
ligation reacnon the ligase can be substantially inactivated. 

1- Forming the Desired Circular Molecule 

a) Precursor Linear Molecule Method 

In this sub-embodiment of the oresen: methods, the carpet 
polynucleotide ' is introduced (via ligation, preferably at a restriction 
site) into the above-described linear precursor moiecuie. Such 
introduction forms a double-stranded DN"A moiecuie that 1 comprises: 
(a) a first lox Site located at a first end of the linear molecule, (b) a 
second lox site located at a second end of the linear molecule, wherein 
the first and the second lox sites are directly oriented with respect to 
one another so as to permit the Cre to mediate the circularization of 
the linear double-stranded molecules, and to thereby form the double- 
stranded circular moiecuie; (c) the target polynucleotide region located 
internal to the first and second lox sites; and (d) a hemi-modifiec 
restriction site located between the target polynucleotide region and 
one of the lox sites, wherein one strand of the hemi-modified 
restriction site of each of the linear molecules contains modified 

nucleotides (esoeciallv methylated nucleotides and (a- 
thio)phosphorothioate nucleotides), such that a restriction 



radiation, by chemical adducts (ethidium bromide, etc.), bv an 

prererred method for forming 
such nicks is by incorporating at least one modified nucleotide (e.» 
a5'-[a-thiQ]triphosphate (Pharmacia) or methylated nucleotide) into 
one strand of a restriction site (preferably present in the 3' adaDtor 
molecule). Cleavage at that site by the relevant restriction 
endonuclease will create a single-strand nick (Walker, G.T. et aL, Proc. 
Natl. Acad. ScL (U.SA.) 59:392-396 (1992)). 

As each strand of any of the above replicons is extended, it 
provides additional template binding sites for additional primer 
extension. Thus, the kinetics of amplification are similar to. but faster 
than, virai burst kinetics. 

The presence of inverted repeated sequences and 
recombinationai sires permits additional hairrin looo structures to 
form. Since the reaction contains Cre, it will mediate recombmaricn 
between such additional hairpin loop structures to form additional 
circular structures, thus increasing the number of amplification feci in 
the reaction. 

Ail of the enzymes used in this amplification reaction may be 
active under the same reaction conditions. Indeed, buffers exist in 
which all enzvmes are near their ootimal reaction conditions. 
Therefore, the amplification process of the present invention can be 
done in a single reaction volume without any change of conditions 
such as the replacement of reactants. Thus, though this process has 
several steps at a molecular level, operationally it may have a single 
step. Once the reactants are mixed together, one need not add 
anything or change conditions, e.g. temperature, until the 
arriciiricaticn reaction has exhausted one or more components. 
During this time, the nucleic acid sequence being amplified will have 
been increased manv-rokl. 
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• endonuciease that recognizes such restriction site will be incaoable of 

cieavzng that strand containing the modified nucleotides. 

c*» ti e ^ rese t 

invention, such a molecule is 
then incubated in the presence of Cre under conditions sufficient to 
permit circularization of the molecule such that a circular molecule 

b. Precursor Circular Molecule Method 

Tnis subembodiment is similar to the above-described precursor 
linear molecule method, except that the step of the initial 
circularization is rendered unnecessary because the molecules are 
initial! v circularized. 

Thus, in this sub-embodiment, the target polynucleotide is 
introduced (via ligation) into the targe: restriction site of the above- 
described circular precursor molecule. The resulting circular molecule 
comprises: (a) a lax site; (b) the target oolvnucieotide; and (c) a hemi- 
modified restriction sire located between the targe: restriction 
en .nuclease cieavase site and the iox site. 

2. Amplification of the Circular Molecule 

This circular molecule is then incubated in the cresence or* a 

4 

restriction endonuciease that recognizes the hemi-mod::ied site and 
causes a single-strand rick or gao havin? a 3' hvdroxvl terminus to be 
created. 

A polymerase and nucleotides are added to the reaction (if not 
a iready present). Under such conditions, the polymerase will mediate 
the extension of the created 3' terminus, and the consequent strand 
displacement of the 5' terminus of the cat strand. Such c rimer 
extension recreates the hemi-modified restriction site, which is then 
:ut, generating a new extendible 3' terminus. The net effect of such 
Printer extension, strand displacement and nicking reactions is the 
iispL .ment of a iinear singie-srranded molecule having a lox site at 
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(or near) its 5' terminus and a region complimentary to the single 
primer at its 3' terminus. 

The single primer is added (if not already present in the 
reaction). The presence of me single primer (and the polymerase and 
nucleotides) permits the linear molecule and the single primer to act 
as templates for one another to recreate the initially formed double- 
stranded DNA molecule, 

Significantiy, the above reactions use a single primer to mediate 
the amplification of a specific target polynucleotide even if that 
molecule were initially present in a complex mixture of undesired 
polynucleotides. 

C Isolation or Purification of the Amulified Molecules 

This invention may be combined with many other processes in 
the arts of molecular biology to achieve a specific end. Of particular 
interest is ourifying the target sequence from the other sequences :r. 
the nucleic acid sample. This can be accomplished mosr 
advantazeousiv bv annealing the nucleic acid samule to an 
oligonucleotide that is comolementary to the target and is 
immobilized on a solid support. A convenient supporr would be a 
micro-bead, esoecialiv a magnetic micro-bead. After being so bound, 
the non-carget sequences could be washed away, resulting in a 
comolete or a oartial curification. 

After an amplification is oerformed, one may wish to detect any 
amplification products produced. Any number of techniques known 
to the art mav be adapted to this end without undue experimentation. 
Particularly advantageous in some situations is the capture of RN'An 
amplification oroducts bv a DNA oligonucleotide complementary to 

* * * 

an RNA seauence determined by the target sequence, the 
oligonucleotide being bound to a solid support such as a magnetic 
micro-bead. Preferably, this oligonucleotide's sequence does not 
overlap with that of any oligonucleotide used to purify the target 



before the amplification* RNA:DNA hybrids thus formed may then be 

detected by antibodies that bind RNA;DNA heterodupiexes. Detection 

of the binding of such antibodies can be done by a number of methods 

well known to the art. 

Alternatively, amplified nucleic add can be detected bv <rei 

electrophoresis, hybridization, or a combination of the two, as is well 

understood in the art. Since the molecules that are being amplified 

comprise both strands of the desired sequence, the use of restriction 

endo nucleases can cleave the reaction products into discrete and 

defined fragments. Those in the art will find that the present 

invention can be adapted to incorporate manv detection schemes. 

* * » 

Sequences amplified according to the methods of the invention 
mav be purified (for example, bv gel electrophoresis, bv column 
chromatography, bv affinity chromatography, bv hybridization, etc.) 
and the fractions containing the purified products may be subjected to 

further amplification in accordance with the methods of the 

*. 

invention. 

The present invention includes articles of manufacture, such as 
"kits'." In one embodiment, such kits will, tvpicailv, be specially 
adapted to contain in close compartmenralization a first container 
which contains a nucleic add molecule comprising a recombinational 
site at its 5' terminus and a region complementary to the desired 
polynucleotide at its 3' terminus, and a second container which 
contains a nucleic acid molecule comprising a recombinational site at 
its 5' terminus and a region having a sequence complementary to the 
5' terminus of the desired polynucleotide at its 3' terminus, and, 
optionally, a third containing a recombinase suitable for catalyzing the 
recombination of the sequence of the first container u'hich. The kit 
mav also, optionally, contain one or more DNA and /or RNA 
polymerases, ligase, buffers, etc. in amounts sufficient to permit the 
amplification of a desired nucleic acid molecule. The kit may 
additionally contain instructional brochures, and the like. 



Having now generally described the invention, the same will be 
more readily understood through reference to the following examples 
which are provided by way of illustration, and are not intended to be 
limiting of the present invention, unless specified. 



Example 1 
Isothermal Amplification Method I 

Figure 9 provides a diagrammatic representation of a first 
preferred method for achieving the amplification of a desired region of 
genomic DMA. 

With reference to Figure 9, a sampie of daubie-stranded 
genomic DNA is denacured, as by heat, etc., and incubated in the 
presence of either an Amplification Primer molecule whose 3' 
terminus is complementary to a target polynucleotide region whose 
amplification is desired, or a Target Primer whose 3' terminus 
contains a target polynucleotide region (or, ecuivalentiv, a region 
comoiemenrarv to the complement of a targe: coivnucieotide region 
whose amplification is desired). 

Most preferably, the Target Primer is added as the initial primer 
(i.e., prior to the addition of Amplification Primer). The purpose of 
this primer is to create an initial template for further amplification 
that is mediated bv the Amoiirication Primer. Thus, the Target Primer 
may be provided ac lower concentration than the Amplification 
Primer, which should be present in significant excess. By providing 
the Target Primer before addition of the Amplification Primer, 
undesired effects caused by primer-primer hybridization can be 
avoided. 

In the preferred embodiment shown in Figure 9, the Target 
Primer comprises two polynucleotide regions: (1) a "target" 
polynucleotide region present at the 5' end of die polynucleotide that 
is to be amplified, and (2) a "proto-:ox" polynucleotide region. The 
"proco-t'ox" region is iocaced 5' to the "target" region of the primer. 
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In the preferred embodiment shown in Figure 9 the 
Amplification Primer comprises three polynucleotide regions: (1) a 
"target complement" polynucleotide region (i.e., a polynucleotide 
complementary to a polynucleotide present at the 3* end of the targer 
5 polynucleotide that is to be amplified), (2) a polynucleotide region 
containing modified nucleotides and (3) a "proto-tojr" polynucleotide 
region (i.e., a polynucleotide, which, if hybridized to a complementary 
polynucleotide would form a double-stranded molecule that would 
comprise a lox site. The polynucleotide region containing modified 
10 nucleotides is located 3' to the "pvoto-Iox" region. The seauence of the 
polynucleotide region containing modified nucleotides is selected such 
that if it were hybridized to a comolementarv polynucleotide, the 
resulting; double-stranded col vnucleo tide would comurise one or 
more restriction endonuclease recognition site(s). The secuence or the 
15 polynucleotide region containing modified nucleotides of the orimer 
is preferably further selected such that this restriction endonuclease 
recognition sire is recognized bv a restriction endonuciease that is 
capable of cleaving: DNA that lades such modified nucleotides, but is 
substantiailv or completely incaoable of cieavine a polynucleotide 
20 containing such modified nucleotides. Examcles of modified 
nucleotides include ribonucleotides (where the polynucleotides are 
DNA), phosphorothioate nucleotides, methylated nucleotides, 
bromodeoxvuridine, deoxyuridine, etc. Examcles of suitable 
restriction endonucleases and their recognition sequences are 
25 described in Sambrook, J., et al (In: Molecular Cloning, A Laboratory 
Manual, Second Edition, Cold Spring Harbor Laboratories, Cold Spring 
Harbor, NY (1989)), in Walker, G.T. et at. {Proc. Natl. Acad. 5c:. (U.S.A.) 
39:392-396 (1992)), and in the GibcoBRL/Life Technologies 1993-1994 
Cataio? and Reference Guide, all of which references are herein 
30 incorporated by reference. 

The primer (either Amplification Primer or Target Primer) is 
incubated with the denarured DN'A of the samoie under condiciorts 
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which permit both hybridization and template dependent primer 
extension to occur. Thus, a polymerase . and (non-modified) 
nucleotides are provided to the reaction. The primer extension 
reaction is terminated by adjusting the reaction conditions to cause the 
denaturation of the extended primer from its template molecule. 

As will be appreciated, if the target molecule was present in the 
initial sample, the extension product of the Amplification Primer 
molecule will contain a region that is complementary to the target 
molecule, and thus complementary to the 3' terminus of the Target 
Primer (see Figure 9). As such, it and can hvbridize to the Target 
Primer. If the Target Pnmer was employed in the initial primer 
extension reaction, then the resulting extension product will comprise 
a region that is complementary to the 3' terminus of the Amplification 
Primer (see Figure 9), and can hybridize to the Amplification Primer. 
A second primer extension reaction is conducted using whichever 
primer (amplification or Target Primer) was not used in the initial 
primer extension reaction. 

Thus, the reaction conditions are adjusted to permit 
hybridization and primer extension to occur. As a consequence of the 
presence of polymerase and nucleotides, the annealed amplification 
and Target Primers crcduce blunt-ended linear molecules in which 
the desired "target" region is flanked by lox sices. Significantly, the 
"proto-fox" polynucleotides of the amplification and Target Primers 
are oriented (with respect to the target complement and target 
polynucleotide regions) such that the flanking lox sites are in a direct 
repeated orientation. 

Cre recombinase is added to the reaction. As will be appreciated, 
Cre may be added at an earlier step in the process if desired. The 
presence of Cre catalyzes the circularization of the lox sites of the 
blunt-ended linear molecules produced above. .As a result, a double- 
stranded circular molecule is formed. The double-stranded molecule 
contains the target ooivnucieotide, a single lox site, and a restriction 



-donuciease s.re ,n „hich one strand (i.e., the strand denye , 

*. Amplify Primer) contains modified nu^ ^ ^ 

v,a ONA polymerase) does no, contain modified nudeohdeT 



recognizes _ ^>™ 10n 



3dded to * e re **°"- As discussed above the re,tH 

«, ,e rewn site «. 3eIKted 

endonuclease does not cleave DNA containing modified „ ucieotldes 
Tnus, the introduction of the endonudease "nicks" (if a sine* site is 
present, or "gaps" (if more than one site « ^ ^ ^ 

strana or the circular molecule. 

Such "nicking" or "gapping" creates a y ^ ^ 

ex.enaed by the previously added polymerase. Such extension 
^places the y terminus of the non-modified st^d. . 4 the 
polymerase extends the * terminus through the region containing the 
I*""*" ** 3 nW hCT ™°dined sue is created. Th,s new ^ 1S 
meter or "gapced" 'oy the previousiy added restriction 
enconudease. and thus generates yet another 3' terminus that rr.av * 
-tended by the polymerase (see. Figure 9). Since the cW. that 
creates th,s subsequent 3' terminus occurs behind the imtiailv created 

* tKamUS - " dMS n0t «**. *« of a polymerase to extend tne 

anally created 3' terminus. In a [ike manner, the reactions continue 
wtaout further intervention: generating a new 3' terminus, extending 
mat termmus, creating a new hemi-modified restriction site, "nickin." 
or 'gapping that site to create yet another 3' terminus. 

As each primer extension product is extended, it displaces the 
pr.or strand that was hybridized to its template. mis strand 
displacement reaction continues without further intervention and 
generates a set of identical linear molecules, all of which contain a 
"croto-/o.r" site and the target polynucleotide region. 
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At this point in the protocol, a linear isothermal amplification 
of the target polynucleotide has been accomplished. Since the 
Amplification Primer (discussed above) has not been removed from 
the reaction, it -will hybridize with the linear amplification product, 
and thereby provide a substrate for a new primer extension reaction. 
The consequence of this reaction is the generation of a new double- 
stranded blunt-ended linear molecule in which a double-stranded 
target region is flanked by lox sites (see, Figure 9). This new blunt- 
ended molecole is identical to that described above. 

Since the reaction still contains Cre recombinase, the linear 
molecule is converted into the above-described double-stranded 
circular molecule. Significantly, the newly formed circular molecule 
contains the same hemi-modified restriction endonuclease 
recognition site as the initially formed circular molecules. Thus, 
cleavage of that site results in a "nick" or "gap/' which creates a further 
amolification nucleus. 

La sum, an exponential isothermal reaction results. This 
reaction produces double-stranded polynucleotides having the 
sequence of the desired target molecule. 

.Significantly, if the Amplification Primer were provided in 
limiting amounts, were made of RNA and degraded (as with RNase A, 
etc.) after the reaction had been initiated, or if it contained other 
nuclease sensitive bases, or was at least partially biotinylated, it would 
be possible to exhaust, degrade or remove the 'Amplification Primer 
from the reaction after the reaction had initiated. Upon such 
exhaustion, degradation or removal, the reaction will shift from an 
exponential amplification reaction that amplifies both strands of the 
target to a linear reaction that amplifies only the target polynucleotide 
strand. Such a modification is desirable in instances in which the 
purification and recovery of only a single strand is desired (e.g., in 
DN*A sequencing, and in probe generation). 
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Figure 10 provides an alternative embodiment of the abvove- 
described method. In this alternative embodiment either or both of 
the amplification and Target Primers is modified to contain a sequence 
that causes the 5' terminus of the primer(s) to partially self-hybridize to 
the primer, such that the 3' terminus of the primer is single-stranded. 
Such self-hybridization acts to minimize or prevent any hybridization 
between the Amplification Primer and the Target Primer molecules. 

Example 2 
Isothermal Amplification Method II 

Figures 11 and 12 provide diagrammatic representations of 
alternate preferred methods for achieving the amplification of a 
desired region of genomic DNA. 

With reference to Figure 11, an amplification "cassette" is 

empioved. The cassette comprises a linear double-stranded 

polynucleotide having directly orienced lox sites at its two termini. 

The lox sites are separated from one another bv a double-stranded 

* * 

region that comurises a hemi-modified restriction sire, and a tarzec 
restriction site region that contains one or more restriction sires 
suitable for receiving the target DNA fragments). Most preferably, the 
target restriction site region will have multiple restriction cleavage 
sites, such that, by treating the cassette with multiple restriction 
endonucleases two fragments are produced, one of which contains a 
lox site and a first partial restriction site, and the ether of which 
contains a second, and preferably different partial partial restriction 
site, the hemi-modified restriction site, and a lax site. The use of a 
cassette whose target restriction site region contains two restriction 
sites having different sequences, and yielding incompatible termini 
upon cleavage is preferred, since such prevents the religation of the 
cassette. Incompatible termini are termini that cannot be Iigated to 
one another. Compatible termini are termini that are Ligatable. 
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Genomic or other target DNA is cleaved using a restriction 
fragment that produces termini that are compatible with the termini 
generated from the restriction cleavage of the cassette. The target 
fragments and the cassette fragments are incubated together in the 
presence of ligase under conditions sufficient to form a ligation 
product in which the target fragment has been inserted into the target 
restriction site region (replacing any DNA present between the original 
restriction sites). 

The resulting molecule is a double-stranded linear molecule 
having lox sites at its ends. The molecule is preferably purified away 
from the res motion enzymes and ligase used above. Alternatively, 
such ertzvmes can be inactivated bv heat, antibodies, or other means. 

As shown in Figure 11, Cre, present or now added to the 
reaction, catalvzes the circuiarization of the tarzet fragment-bearing 
cassette. Sines rhe circular molecule bears a hemi-modified restriction 
site, it comprises a substrate for a restriction enzvme tha: recognizes 

* - w 

this sire. As in Example 1, such a restriction endonuciease will cieave 
onlv the unmodified strand, and will produce a nick in one strand of 
the double-stranded circular molecule. The 3' termini eenertated from' 
such cleavage is extended by polymerase, in the presence of ail four 
nucleotide species. Such extension regenerates the restriction site, and 
leads to the production of a linear single-stranded molecule containing 
the entire length of one circular strand. 

An Amplification Primer is added to the reaction (it may be 
provided earlier, if desired). The Amplification Primer is identical to 
that described in Example 1. As such, the Amplification Primer 
contains a region complementary to the 3' terminus of the linear 
sin^ie-stranded molecule produced above. The amplification moleule 
hvbridizes with the linear single-stranded moiecule, and, because 
polymerase and nucleotides are present, mediates the formation of a 
double-stranded molecule whose structure is essentially identical to 
that of the target fragment-bearing cassette (differing only in having a 
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partial restriction site at one terminus). The molecule has two ciirectiv 
oriented lox sites, and is thus circularized by Cre to yield a molecule 
that is identical to the doubie-standed circular molecule discussed 
above. This molecule is processed in the manner described above, 
leading to exponential amplification 

Figure 12 shows a related embodiment differing only in 
employing a precircularized "cassette" molecule. 

Example 3 

Attributes of the Isothermal Amplification Methods I and II 

Several aspects of the embodiments discussed in Examples 1 and 
2 are noteworthv. Figures 9-12 show the circuiarization of a single 
"full-length" linear molecule into a "unit length" circle. However, the 
same lox orientations responsible for circuiarization of nucleic acid 
moiecules can mediate multiple head to tail joining of full-length 
linear molecules so as to form a "multi-unit length" circle. 
SiCTiificantlv, since the lox site is asymmetric, such head to tail joining 
conserves the both the orientation of lox sites, and the orientation of 
strands. Thus, when multiple full-length linear double-stranded 
molecules are joined together, ail of the target strand sequences or' the 
individual full- length linear moiecules are present on the same strand 
of the "multi-unit length" circle; simiiariv, ail of the target 
complement strand sequences of the individual full-length linear 
molecules are present on the other strand of the "multi-unit length" 
circle. Hence, because the modified nucleotides of the respective 
hemi-modified restriction site will all be present on the same strand of 
the resulting double-strand "multi-unit length" circle. As a 
conseauence, oniv one strand of the muiti-unit circle would be cleaved 
bv the restriction enzvme, and the other would remain intact. Thus, 
such a circle will be processed in the same manner as a unit length 
circle, but will result in the production of multiple copies of the target 
(or target comoiement) strand each time the entire circle is replicated. 
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The same unit length amplification product will be produced 
regardless of the number of full-length linear molecules that have 
recombined to form a circle. 

This attribute of the present invention is of particular 
significance since it permits one to amplify target molecules that 
would otherwise be too small (i.e., too thermodynamically rigid) to 
circularize readily into unit length circles. Thus, the processes of the 
invention, without any additional intervention or attention, mediate 
the head to tail joining of target molecules until a multimer is formed 
that possesses sufficient thermodynamic flexibility to be capable of 
circularizing into a circle. If the target molecaie is large, the resulting 
circle can be or' unit length; if the target molecaie is small, a multi-unit 
length circle can be formed. 

In embodiments, such as that described in Examcie 2, in which 
no Target Primer is employed, amplification is sin^ie-orimer 
mediate. As a consequence, if the method were em cloved in the 
absence of Amplification Primer (or if the suoclv of Amplification 
Primer became exhausted), the method would mediate a general 
linear amplification of one strand of all of the DNA in a sample. Such 
reaction conditions are useful in applications, such as those 
encountered in forensic analysis, in which the sunutv of target 
material is limited and finite. The method provides a means for 
amplifying ail molecules present, thus increasing target material 
supply. 

In such single primer embodiments, the Amplification Primer 
conrrois both the sequence specificity of the reaction, and the extent of 
exponential amplification. Thus, whereas the reactions of this 
Example 2 mediate a linear amplification of all target DNA present in 
the sample, reactions conducted in the presence of Amolification 
Primer mediate an exponential amplification of those molecules of the 
sample containing sequences complementary to the sequence of the 
carpet recrion of the Amplification Primer." 



In any of the methods of Example 1 or 2, multiple Amplification 
Primers may be employed in lieu of the single Amplification Primer 
described. The use of multiple Amplification Primers permits one to 
selectively amplify sub-populations of molecules having desired 
characteristics. However, this use is particularly valuable with the 
single primer amplification methods of this Example 2. For example, 
if such methods are conducted with an Amplification Primer that 
contains a sequence complementary to a promoter secuence, an 
exponential amplification of ail molecules having such a promoter 
secuence will occur. If a second Amplification Primer is emoloved 
that conrains a seauence complementary to a repressor binding site, an 
exponential amplification of ail molecules having both a repressor 
bindin? site and a promoter will occur. 

Likewise, in anv of the embodiments, such as those of Example 
1, in which two primers are employed, the primers may be used to 
amciifv oolvnucieo tides havins desired attributes without prior 
knowledge of their sequences. Thus, for example, bv empiovinz'an 
Amplification Primer that is complementary to a promoter or 
centromere sequence, and a Target Primer that is complementary to a 
telomere seauence, the methods of the present invention permit 
amplification of nucleic acid molecules that possess both the promoter 
(or centromere) sequence and the telomere sequence. 

Example 4 
Isothermal Amplification Method III 

Figure 13 provides a diagrammatic representation of a second 
preferred method for achieving the amplification of a desired region of 
genomic DiVA. 

With reference to Figure 13, a sample of double-stranded 
genomic DMA is denatured, as bv heat, etc., and incubated in the 
presence or an Amplification Pnmer molecule whose 3* terminus is 
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complementary to a target polynucleotide- region whose amplification 
is desired. 

In the preferred emoodiment shown in Figure 13, the 
Amplification Primer need not be modified in anv resuect It merelv 
needs to be of sufficient length to permit stable hybridization. 

Tne primer is incubated with the denatured DNA of the sample 
under conditions which oermit both hybridization and temalate 
dependent primer extension to occur. Thus, a polymerase and (non- 
modified) nucleotides are provided to the reaction. The primer 
extension reaction is terminated bv modifying the reaction conditions 
to cause the denamration of the extended primer from its temoiate 
molecule. 

A Target Primer is added to the reaction. Although, in a 
preferred embodiment, this Target Primer is introduced after the 
termination of the primer exrension reaction, such Target Primer may 
be introduced at any time before, during or after the introduction of 
the modified Amoiification Primer discussed above. The Target 
Primer comcrises a partially singie-stranded-paniaily double-stranded 
"looc" structure. It contains a protruding 3* terminus whose sequence 
is the same as a secuence cresent at the 5" end of the polynucleotide 
that is to be amciified, such that the protruding 3' terminus is 
comoiemenrarv to the 3' terminus of the exrension product of the 

Amplification Primer. 

The reaction conditions are adjusted to" permit both the ligation 
of the primer extension product of the Amplification Primer to the 
recessed 5' terminus of the Target Primer, and the template dependent 
extension of the protruding 3' terminus of the Target Primer. Thus 
lipase coivmerase and nucleotides are provided. The resulting 
product comprises a double-stranded, blunt-ended, target molecule 
having the 3' terminus of one strand connected to the 3' terminus of 
the other via the "loot?" structure of the Target Primer (see. Figure 13). 
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A linker molecuie is introduced into the reaction. The linker 
molecule is a biunt-ended, double-stranded linear molecule which 
comprises a lox site flanked by one or more pairs of restriction 
endonuciease recognition sites. Preferably, as shown in Figure I" 
restriction sites are composed of modified nucleotides. Both strands of 
the restriction sue are modified. 

The previously added ligase catalyzes the ligation of the linker 
molecule to the free 375' terminus of the previously formed product 
(Figure 13) to form a "looped target molecule." Such ligation can occur 
in either of two possible orientations (owing to the directionality of the 
lax site). The orientation of ligation is unimportant to the reaction. 

Two products of such ligation in which the lox sice has been 
ligated in opposite orientations can be recombined via the addition of 
Cre to form an end-looped structure having two copies of the double- 
stranded target polynucleotide separated by a single iox site. 

A third primer is introduced which is preferably 
complementary to a polynucleotide region of the non-base paired 
"loop" part of the molecule. The previously added polymerase, causes 
the 3' terminus of this third primer to be extended around the "loop" 
and into the polynucleotide region of the target, displacing the 
hybridized non-temoiate strand. The third orimer is ootionai. and 
added to facilitate the initiation of the amplification reaction. Its 
presence is not needed during amplification. 

Extension of the primer past the modified restriction site, creates 
a hemi-modified restriction site. The introduction into the reaction of 
a restriction endonuciease that recognizes this site, causes a "nick" or 
"gap" in the non-modified strand. As in Examcle I, once started, :hese 
reactions continue without further intervention. Thus, primer 
extension creates a hemi-modified site, that site is cleaved bv a 
restriction endonuciease therebv creatin? a new 3' terminus which is 
extended to form a new hemi-modified site, therebv restarting the 
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Again, as in Example 1, the cleavage that creates a new 3* 
terminus occurs behind a previously created 3* -terminus, and thus 
does not affect the ability of a polymerase to extend the initially created 
3' terminus. As shown in Figure 10, the product of such primer 
extension and cleavage reactions is the same "looped target molecule" 
as chat described above. 

Since the reaction still contains ligase and the linker molecules, 
such molecules will be ligated together, and the products of such 
ligation can then circularize via the action of the previously added Cre 
recombinase. Such circularization generates new amplification foci. 

In sum, the method achieves the exponential amplification of 
both strands of the target polynucleotide without using modified 
primers. 

The isothermal nacure of the amplification processes described 
above permits each product of each reaction to procede through the 
entire set of reactions at its own cacs. This caoactv, which re fleers the 
isothermal nature of the reactions, is in marked contrast to c/dic 
reactions such as the oolvmerase chain reaction, in which ail reactants 
are required to precede in unison to the next step of the reaction. By 
avoiding such a requirement, the isothermal amolification methods of 
the present invention provide faster reaction kinetics. 

Example 5 

Isothermal Amplification of a 4 kb DNA Molecule 

The ability of the methods of the present invention to mediate 
DMA amplification is illustrated with respect to a 4 kb fragment of 
pBR322. The fragment is introduced into a cassette comprising a LOX 
sire and a hemi-mechyiated restriction site, and is amplified in vitro. 

Construction of the pB R322-LOX derivative: Method I 

p3R322 is a double-stranded DNA plasmid 4,362 nucleotides 
long Maniatis, T. ei aL, In: "Molecular Cloning A Laboratory Manual/' 
Coid Serins Harbor Press, Cold Spring Harbor NY (198Z)). It has a 



single EcoRI site located at nucleotide 4360, and a single BamHI site 
Seated at nucleotide 373. Accordingly, pBR322 DNA that is restricted 
••- :/ with both EcoRI and BamHI yields two fragments whose lengths are 
377 and 3,985 nucleotides (the 3,985 nucleotide fragment is referred to 
as the 4 kb fragment). Because cleavage at the EcoRI site leaves a 
protruding 5' AATT end, and cleavage at the BamHI site leaves a 
protruding 5' GATC end, a pBR322 fragment restricted with both EcoRI 
and BamHI cannot be ligated together. The LOX-pBR322 derivative is 
made as follows: 

1. Isolation of a pBR322 EcoRI - BamHI fragment 

To isolate the desired pBR322 EcoRI - BamHI fragment, pBR322 
is obtained (Life Technologies, Gaithersburg, MD) and cleaved with 
both EcoRI and BamHI (Life Technologies, Gaithersburg, MD) 
according to the manufacturer's instructions. Linear molecules 
having a length of approximately 4,000 nucleotides are purified by 
agarose £ei eiectroohoresis (Sambrook, J. et al., In "Molecular Cloning 
A Laboratory Manual," Coid Spring Harbor Press, Cold Spring Harbor, 
NY (1989)). 

2. Construction of an EcoRI-N'otl-LOX-BamHI Fragment 

A double-stranded EcoRI-Notl-LOX-BamKI DNA Linker rnoiecuie 
is produced having the sequences SEQ ID NO:l: 

3 ' aacccgcgcc cgcacaactic cg-acaacgz acgcca-acg 
aagccacg 3' 

and SEQ ID NO:2: 




These oligonucleotides hvbridize to one another as shown 

below: 
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SEQIDN0:1 

Zzz?.Z Ned LOX SITS 3anuir 

:' aac" gc?gcc?c a-aacrzcgcacaacgcacgczacacraagcca!; g i' 
3' g C3£i33£? caccgaagcacaccacacacgacacg—zcaaca c — ao - ' 

SEQ ID NO:2 " \ 

The underlined nucleotides in SEQ ID NO:2 are 5-methvlcvtosine 
(however, phosphorothioated residues may be used). Tne double- 
stranded DNA linker molecule can be obtained in any of a variety of 
ways. In one embodiment, it may be formed by mixing equimolar 
amounts of synthetic oligonucleotides having the sequences SEQ ID 
NO:l and SEQ ID NO:2. 

Alternatively, and more preferably, the double-stranded EcoRI- 
NotI-LOX-8amKI DNA linker molecule can be made bv incubating an 
oligonucleotide primer having the sequence of SEQ ID NO:3: 

5' aac~cgcggc cgc 3' 

with a synthetic oligonucleotide having the sequence of SEQ ID NO:2 
in the presence of DNA polymerase, dATP, TIP, dCTP and dGTP. As 
indicated above, the underlining below the nucleotides indicates that 
the residues are 5-methvlcvtosine residues. The aDprocriate termini 
are obtained from the resulting blunt-ended double-stranded DNA 
molecule by treating it with EcoRI and BamHt. 

3. Construction of the pBR322-LOX derivative 

The desired pBR322-LOX derivative is constructed by incubating 
the previously isolated 4 kb EcoRI-BamHI pBR322 fragment in the 
presence of the EcoRI-Notl-LOX-BamHI DNA linker molecule, and 
DNA ligase. After permitting the ligation reaction to occur, the ligated 
material is purified by gel electrophoresis, and material migrating at 
the position of relaxed double-stranded circular DNA is recovered. 
This material is the desired pBR322-LOX derivative. 



Construction of the pBR322-LOX derivative: Method II 

Trie desired pBR322-LOX derivative is alternatively made as 
follows: pBR322 is obtained (Life Technologies, Gaithersburg, MD) and 
cleaved with both EcoRI and BamHI (Life Technologies, Gairhersburg, 
MD) according to the manufacturer's instructions. Linear molecules 
having a length of approximately 4,G0G nucleotides are thereby 
obtained (Sambrook, J. et aL r In "Molecular Cloning A Laboratory 
Manual/' Cold Spring Harbor Press, Cold Spring Harbor, NY (1989)). 

The restricted DNA is then subjected to a PCR amplification 
using two PCR primers comprising the sequences, SEQ ID NO:4 and 
SEQ ID NO:5. 

SEQ ID NO:4: 

5' *" 3~ 3C C33 CZ C — ~ CC3 *Z C C 3. "33CCC CCC3 C3.CTC3C3.CaC 



•3 



As will be recognized, the first PCR primer (SEQ ID NO:4) 
% ^ rains a 13 base long span or nucleotides (nucleotides 1-13) that is 
connected to a BamHI recognition sequence (14-19). Nucleotides 20-33 
are a LOX site. The initial span of nucleotides is complementary to the 
initial 13 nucleotides of the LOX sice, such that a "Iood" can form 

4. 

between these regions of the pnmer. Nucleotides 54-61 are a NotI site. 
Nucleotides 62-72 comprise the sequence of the EcoRI sire of piasmid 
pBR322 and nucleotides 4359-4347 of pBR322. The underscoring of C 
residues in the NotI site indicates that at least one of the residues is 
methylated or phosphorothioated. 



SEQ ID NO:5: 

As will be recognized, nucleotides 1-13 of the second PCR 
primer (SEQ ID NO:5) are complementary to the first 13 nucleotides of 
the/ OX site that is present at nucleotides 20-53. Nucleotides 14-19 are 
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an EcoRI site. Nucleotides 54-70 are the BamHI site of pBR322, and the 
eleven nucleotides of pBR322 that follow that site. 

The PCR amplification thus yields linear double-stranded 
molecules having LOX sites on each terminus. The molecule is 
circularized using Cre. 

The Amplification Primer 

The Amplification Primer is most preferably obtained by 

nucleotide synthesis. The primer is single-stranded, and has 80 

nucleotides comprising the sequence, SEQ IS NO:4: 

5' cacacraag" carggaccca caac"cg- = -agcacacac 

cacacgaag^ caccccracco' ^gaacccccg aagacgaaag 2 ' 

As a control a Target Primer mav be synthesized having 70 
nucleotides, and comprising the sequence, SEQ ID NO:5: 

5' acaacgaacc -acgaaccca caaczccgca zaacgcacgc 

cacac-aacc caccrgacccc cracgccgga 3 ' 

The Amplification Primer and the Target Primer are oriented 

with resoect to one another so as to comprise primers that may be used 

in PCR for amplifying the 4 kb p3R322 EcoRI BamHI derivative. 

> 

Cre, NotI and Polymerase 

Cre is obtained from Novogen, Inc. (Madison, WI). Alternatively, 
it may be purified according to the methods of Abremski, K. et al. (J. 
Moiec. BioL 150:467-486 (1981), herein incorporated by reference). NotI 
endonuciease, Klenow DNA polymerase, Taq polymerase and 
plasmids that overproduce Cre are obtained from Life Technologies, 
Inc., Gaithersburg MD. 

The Amplification Reaction 

Amplification is obtained by incubating either the circular 
pBR322-LOX derivative produced in Method I, or the linear pBR322- 
LOX derivative produced in Method II, in the presence of 10 units/ ml 
DNA polymerase (Klenow), 1 unit/ ml NotI endonuciease, 



Amplification Primer and Cre. A typical reaction aliquot (50 ul) 
contains 50 mM Tris-HCl (pH 7.5), 33 mM NaCl, 1 Jig/mi pBR322-LOX 
derivative, 2 jxg/ml of Amplification Primer, 50 jig/ml each of dATP, 
TIP, dCTP, and dGT?, and 2 jig/ml Cre. 2 mM MgCI 2 is added in 
reactions conducted with Taq polymerase. Reactions are incubated at 
37-45 °C for 1-2 hours, or longer. 

Analysis of Amplification Reaction 

To analyze the amplification reaction, a series of control 
experiments are conducted. Each such experiment is conducted in a 
reaction volume of 50 ul. The Buffer in the experiments is 50 mM 
Tris-HCl (pH 7.5), 33 mM NaCl, and 50 Hg/mi each of dATP, TTP, 
dCTP, and dGTP. All reactions are incubated for 2 hours either 
isothennally, or under ihermocycling conditions, with 10 ul aliquots 
removed at 0, 30, 60 and 120 minutes. The Experimental protocol for 
such experiments is shown below: 
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ExDerimentai Protocol 



Reagent 



Experiment 



3 



10 



11 



12 



13 



14 



Buffer 



2 ue/ ml Ore 



10 Units /mi 
Polymerase 
Klenow 

Taq/MgCh 



1 unit/ mi Not! 



1 jig/ ml 

Amplification 

Primer 



1 ug/rni Target 



p8R322-LOX 
1 tie/ mi 
10 ue/ml 



1 ug/mi 4 kb 
-CQJM-oamnl 

rraement 



The results of the above-described experiments are analyzed by gel 
electrophoresis in order to detect amplification of DNA. Experiment 1 
is a Cre-facili rated amplification reaction. Experiments 2-6 explore the 
effect of deleting Cre, Polymerase, Amplification Primer, NotI and 
Substrate, respectively, from the amplification reaction. Experiments 
7-8 are designed to permit a comparison' between Cre-facilitated 
amplification and PGR under approximately identical conditions. 

Exceriment 7 is an amuiification reaction run under isothermal 

i. *■ 

conditions 37-45 3 C using Taq polymerase inscead or Klenow. 
Experiment 8 is a PCR protocol performed as described by Sambrook, J. 
it al. (In "Molecular Cloning A Laboratory Manual," Cold Spring 
Harbor Press, Cold Spring Harbor, N'Y (1989)). Experiment 9 is a Cre 
control tor demonstrating the capacity of the Cre to mediate 
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recombination. Experiments 10-12 are controls to identify the nature 
and migration of the DN'A substrates. 

Experiments 13 and 14 demonstrate the capacity of Cre-mediated 
amplification to amplify DNA lacking lax sites. Experiments 13 and 14 
are performed as follows: 

1. The 3.9 kb EcoRI-BarnHI linear pBR322 fragment (in Buffer) is heat 
denatured and then cooied to 37-45 °C 

2. The Target Primer and Taq polymerase are added, and a 
polymerization reaction is permitted to occur for 20 minutes. 

3. The reaction is then heated to heat denature anv double-stranded 
DNA "o resent. 

4. The reaction is cooled to 37-45 °C, and Amplification Primer and 
Not! restriction endonuciease are added. Cre is added to Experiment 

14. Reactions 13 and 14. The reaction is then permitted to continue 
under isothermal conditions for 2 hours. 

Evaluation of Amplification Reaction 

The absolute capacity of Cre-faciiitated amplification methods to 
amplify DN'A is demonstrated by a comparison or the results* of 
Experiments 1, 14 and 10-12. The efficiency of Cre- facilitated 
amplification relative to PCR is demonstrated bv a comcarison of the 
results of Experiments 1, 14 and 8. 

Example 6 

Isothermal Amplification of a Human Gene 

The ability of the methods of the present invention to mediate 
DNA amplification is further illustrated with resuect to the human 
p53 gene. 

The p53 gene is a human tumor suppressor gene that comprises 
auoroximateiv 20 kiiobases, and contains 11 exons (393 codons). The 
gene is located at chromosome region 17pl3.105-pl2. Its sequence can 



-78- 

be obtained from the GSDB database at accession X54156- Mutations in 
the p53 gene are the single most common genetic alteration in human 
cancers. Indeed, of the more than 100,000 additional cases of colon, 
lung and breast cancer diagnosed each year, more than hair have been 
reported to contain p53 mutations (Levine, A J., Cane. Surveys 22:59-79 
(1992); herein incorporated by reference). The majority of presently 
recognized p53 mutations are missense mutations tightly clustered 
between codons 118 and 309, the DNA binding region of the protein 
(Renault, B. et aL, Cancer Res. 53:2614-2617 (1993); Ziegier, A. et al, 
Proc. Natl. Acad. Set (U.S.A.) ?0:4216-4220 (1993)). These mutations 
generally result in loss of function of the p53 protein. Because of the 
correlation between mutations in p53 and the incidence of cancer, the 
p53 gene is thought to be part of the cascade necessary for the 
development of many tumors, and the p53 gene is believed to play a 
role in reflating cell growth and apeptosis. 

The diversitv and dispersion of mutations in the o53 gene is 
thus of substantial ciinicaiiv relevance. Unfortunately, the large size of 
the p53 gene, and the large number of intervening sequences that it 
contains, has hammered efforts to identify additional mutations that 
may be associated with colon, lung or breast cancer as well as 
mutations that mav be predictive of other tvpes of cancer. Because the 
methods of the present invention are able to amplify entire human 
genes, they permit the amplification of the entire p53 gene of a patient 
in a single reaction. 

The d53 gene of an individual can be amplified bv incubating 
the gene in the presence of a Target Primer which is capable of 
hybridizing to the 5' terminus of one strand of the individual's p53 
gene, and then in the presence of an Amplification Primer which is 
capable of hybridizing to the 5' terminus of the other strand of the 
individual's p53 gene. Both the Target Primer and the Amplification 
Primer have 5* termini that, if hybridized to a complementary 
polynucleotide, would form a double-stranded polynucleotide that 
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contains a lox site. The Amplification Primer additionally includes a 
polynucleotide region containing at least one modified nucleotide 
residues, such that if this polynucleotide region were hybridized to a 
complementary polynucleotide, a double-stranded polynucleotide 
would thereby be formed that would contain one or more restriction 
endonuclease cleavage sites that would be recognized by a restriction 
endonuclease but which could not (because of the presence of the 
modified nucleotide residue(s)) be cleaved. Rather, only that strand of 
the restriction site that lacked modified nucleotide residues would be 
cleaved. 



me sequence ot a suitable large: Primer is (SEQ ID NO:5): 

acaacgaac" cacgaatzca caac-ccgca raacg-azrc 
caciaccaagc ~a~~-cccac cb.clczccz'Zs.c? czatz^zc " ' 

As will be recognized, nucieorides 1-13 of the Target Primer 
(ScQ ID NO:6) are comclemer.rarv to the first 13 nucleotides of the 
LOX sire that is present at nucleotides 20-53. Nucleotides 14-19 are an 
EcoRI sire. Nucleotides 34-76 comDrise the sequence of the nucleotides 
1 through 23 of the p53 gene. 

The sequence or" a suitable Amplification Primer is (SEQ ID N'0:7): 

5' "acacgaac* cacccaicca caacc~cg~a ~acrcacaca~ 

ccragc-a 2' 

As will be recognized, the Amplification Primer (SEQ ID NO:7) 
contains a 13 base long span of nucleotides (nucleotides. 1-13) that is 
connected to a BamHI recognition sequence (14-19). Nucleotides 20-33 
are a LOX site. The initial span of nucleotides is complementary to the 
initial 13 nucleotides of the LOX site, such that a "looo" can form 
between these regions of the orimer. Nucleotides 34-61 are a Net! site. 
Nucleotides 62-S8 are complementary to nucleotides 20303 through 
20277 of the human p53 gene. The underscoring of C residues in the 
NotI site indicates that at least one of the residues is methvlated or 

\ 

vhosphorothioated. 



*t.T/US9<S/<M379 

-80- 

^^xxrp lxf icatxon IS achieved by incubating a sample containing the 
p53 gene of an individual in the presence of the Target Primer and in 
the presence of Klenow (or Taq) polymerase, and nucleotides. 
Incubation is conducted under conditions sufficient to permit the 
Target Primer to hybridize to the p53 template, A typical reaction 
aliquot (50 ui) contains 50 rnM Tris-HCl (pH 7.5), 33 mM NaCI, 50 
units/ml DMA polymerase (Klenow), 1 p.g/mi sample DNA, 4p.g/mi 
of Target Primer, and 100 jig/ml each of dATP, TTP, dCTP, and dGTP. 
The poiymerization reaction is monitored, and permitted to proceed 
until full length Target Primer extension product molecules of 20 kb 
have been obtained. 

The reaction is then treated so as to denature the Target Primer 
extension product from its p53 template. It is then returned to 
conditions suitable hot nucleic acid hybridization and primer 
extension. Cre (2 ug/ml), Amplification Primer (4 |ig/ml), and 1 
unit/ mi Net! endonuclease are then added to the reaction. If heat is 
used as the denaturant, such action will inactivate anv non- 
thermostabile reagents present. Thus, an additional 30 units/ml of 
Klenow oolvmerase is also added to the reaction. 

As will be recognized, the 3' terminus of the Amplification Primer 
is complementary to the 3' terminus of the full length Target Primer 
extension product. It thus hybridizes to thar product, and the 
polymerase mediates both the formation of an Amplification Primer 
extension product, and the further extension- of the Target Primer 
extension product until a double-stranded linear molecule is formed 
having lox sites on each end and a hemi-modified NotI recognition 
site. 

Tne added Cre converts this linear molecule into a double- 
stranded circular molecule. The NotI endonuclease cleaves the target 
strand at the NotI restriction site, thereby generating a free 3' terminus 
that initiates target strand synthesis. This synthesis repairs the NotI 
site and thus oermtts its reseated cleavage, thereby "shedding*' full 
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length target strand molecules. Since the Amplification Primer is still 
present in the reaction, it hybridizes with these full length target 
strand molecules, and is extended by the polymerase to form a new 
double-stranded linear molecule having lax sites on each end and a 
hemi-modiried Not! recognition site. The amplification process then 
continues as described above- 
Amplification is demonstrated by gel electrophoresis, as described 
above. 

While the invention has been described in connection with 
specific embodiments thereof, it will be understood that it is capable of 
further modifications and this acolication is intended to cover anv 
variations, uses, or adaptations of the invention following, in general 
the principles of the invention and including such departures from 
the s resent disclosure as come within known or customary oracrice 
within the art to which the invention pertains and as may be acciied 
to the essential features hereinbefore set forth and as follows in the 
scone of the appended claims. 
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SEQUENCE LISTING 

9 ". >.-h . " :- 

• * f 

\ .. . / 

(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: AUERBACH, JEFFREY I. 

(ii) TITLE OF INVENTION: METHODS FOR THE ISOTHERMAL 

AMPLIFICATION OF NUCLEIC ACID 
10 MOLECULES 

(iii) NUMBER OF SEQUENCES: 7 

(iv) CORRESPONDENCE ADDRESS: 
15 (A) ADDRESSEE: REPLICON, INC. 

(B) STREET: 13109 JASMINE HILL TERRACE 

(C) CITY: ROCXVTLLE 

(D) STATE: MARYLAND 

(E) COUNTRY: UNTTED STATES OF AMERICA 
20 (F) UP: 20850-3662 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Hoppy disk 

(B) COMPUTER: IBM PC'compatibie ) 
25 (O OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version 21.25 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 

30 (B) FILING DATE: 

(G CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/533,852 
35 (B) FILING DATE: 26-SEP-1995 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/383,327 

(B) FILING DATE: 03-FEB-1995 

40 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/136,405 

(B) FILING DATE: 15-OCT-1993 

45 (vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/933,943 

(B) FILING DATE: 24-AUG-1992 
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(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER US 07/924,643 

(B) FILING DATE: 04-AUG-1992 

if 

^ (vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: WO PCT/US93/07309 

(B) FILING DATE: 04-AUG-1993 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: AUERBACH, JEFFREY I. 

(B) REGISTRATION NUMBER 32,680 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (301) 294-0184 

(B) TELEFAX: (301) 294-0392 

2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pairs 

(B) TYPE: nucieic acid 

(C) STRANDEDNES3: single 

(D) TOPOLOGY: linear 

} MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: YES 
(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: pBR322 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: sBR322 

(x) PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: WO 94/03624 A 

(I) FILING DATE: 04-AUG-1993 

(J) PUBLICATION DATE: 17-FE3-1994 
(xj PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: US 5,354,668 B 

(I) FILING DATE: 15-OCT-1993 

(J) PUBLICATION DATE: ll-OCT-1994 

(:♦' ') QUENCE DESCRIPTION: SEQ ID NO:l: 
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(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid' 

(C) STRAND E D NESS : single 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: DNA (genomic) 
(Hi) HYPOTHETICAL: YES 
(iv) ANTI-SENSE: NO 

15 

(vi) ORIGINAL SOURCE: 
(A) ORGANISM: pBR322 

(vii) IMMEDLATE SOURCE: 
20 (B) CLONE: =>BR322 

(x) PL"BLICATION INFORMATION: 

(H) DOCUMENT NUMBER: WO 94/03624 A 
(D FILING DATE: 04-AUG-1993 

25 (J) PUBLICATION DATE: 17-FEB-1994 

(x) PUBLICATION INFORMATION: 

(HI DOCUMENT NUMBER: US 5,354.668 B 

(I) FILING DATE: 15-OCT-1993 

(J) PUBLICATION DATE: ll-CCT-1994 

30 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

35 (2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 13 base pairs 

(B) TYPE: nucleic acid 

40 (C) STRAND EDNESS: sinzle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

45 (iii) HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 



(vi) ORIGINAL SOURCE: 
(A) ORGANISM: pBR322 



) (vii) IMMEDIATE SOURCE: 
(B) CLONE: =>BR322 

(x) PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: WO 94/03624 A 

(I) FILING DATE: 04-AUC-1993 
(J) PUBLICATION DATE: 17-FEB-1994 

(x) PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: US 5354,668 B 

(I) FILING DATE: 15-OCT-1993 
(J) PUBLICATION DATE: ll-OCT-1994 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 



(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 
(A.) LENGTH: SO base pairs 
(B) TYPE: nucleic acid 
1 (O STRAND EDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Hi) HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 
(A) ORGANISM: p3R322 

(vii) LMMEDLATE SOURCE: 
(B) CLONE: pBR322 

(x) PUBLICATION INFORMATION': 

(H) DOCUMENT NUMBER: WO 94/C3624 A 

(I) FILING DATE: 04-AUG-1993 

(J) PUBUCATION DATE: 17-FEB-1994 
(x) PUBLICATION" INFORMATION: 

(H) DOCUMENT NUMBER: US 5,354,668 B 

(I) FILING DATE: 15-OCT-1993 
(J) PUBLICATION DATE: ll-OCT-1994 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 



. --x i. . . k — -a . .-irtC . .wJiA TAGCATACAT TATACGAAG7 7A7GCGCC 

(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA (genomic) 
(iii) HYPOTHETICAL; YES 
(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: pBR322 

fvii) IMMEDIATE SOURCE: 

(B) CLONE: pBR322 

(x) PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: WO 94/03624 A 

(I) FILING DATE: 04-AUG-1993 

Q) PUBLICATION DATE: 17-FEB-1994 
(x) PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: US 5,554,668 3 

(I) FILING DATE: 13-OCT-1993 

(J) PUBLICATION DATE: ll-OCT-1994 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

r\ * AACGAALi T . .-v'-'j^.rt - . .-unx. I u I'C *j j, A-lT^/HAT/CC TATACCAAGT TATGwA I^JiJ' " 

(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUB>iCE CHARACTERISTICS: 

(A) LENGTH: 76 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



Ii) MOLECULE TYPE: DNA (genomic) 



ii ) HYPOTHETICAL YES 

iv; 'ANTI-SENSE: NO 

vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 

ii) IMMEDLATE SOURCE: 
(B) CLONE: p53 

x) PUBUCATION INFORMATION: 

(H) DOCUMENT NUMBER: WO 94/03624 A 

(I) FILING DATE: 04-AUG-1993 

(J) PUBLICATION DATE: 17-FE3-1994 
<) PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: US 5,354,668 B 

(I) FILING DATE: 15-OCT-1993 

(J) PUBUCATION DATE: ll-OCT-1994 

» SEQUENCE DESCRIPTION: SEQ ID N*0:6: 



FORMATION FOR SEQ ID NO:": 

SEQUENCE CHARACTERISTICS: 

A) LENGTH: S8 base pairs 

B) TYPE: nucleic acid 

(C) STRAND E DNE55: oingie 
D) TOPOLOGY: linear 

/tOLECULE TYPE: DNA (genomic) 

{YPOTHETICAL: YES 

ANTI-SENSE: NO 

ORIGINAL SOURCE: 

A) ORGANISM: HOMO SAPIENS 

MMEDIATE SOURCE: 
) CLONE: p53 

\ 

LOCATION INFORMATION: 
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(H) DOCUMENT NUMBER: WO 94/03624 A 

(I) FILING DATE: 04-AUG-1993 

(J) PUBLICATION DATE: 17-FEB-1994 
(x) PUBUCATTON INFORMATION: 

(H) DOCUMENT NUMBER: US 5,354,668 B 

(I) FILING DATE: 15-OCT-1993 

(J) PUBLICATION DATE: ll-OCT-1994 

(xi) SEQUENCE DESCRTPTTON: SEQ ID NO:7: 

rACGAAGT TAT3GATCCA TAACTTCCTA TAGCATACAT TATACGAAGT TATGCCG 



WHAT IS CLAIMED IS: 
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1. A method for amplifying a target polynucleotide region of a 
double-stranded nucleic acid molecule present in a sample, which 
comprises the steps: 

(A) incubating linear double-stranded nucleic acid molecules in 
the presence of a polymerase, nucleotides, a Cre recombinase, a 
primer and a restriction endonuclease; 
wherein; 

(i) each of said linear double-stranded nucleic acid molecules 
has two ends and comurises: 

(a) a first iox site, located at a first end of said linear 
molecule; 

(b) a second lox site, located at a second end of said linear 
molecule, wherein said first and said second lox sires 
are oriented with respect to one another so as to 
sennit said Cre to mediate the circuiarizatxon of said 
linear double-stranded molecules, and to therebv form 
double-stranded circular molecules; 

(c) said target polynucleotide region, located internal to 
said tirst and second lox sites; and 

(d) a hemi-mocified restriction site, located between said 
target polynucleotide region and one of said iox sites, 
wherein one strand of said hemi-modified restriction 
site of each of said linear molecules contains at least 
one modified nucleotide residue, and said target 
polynucleotide is present in the strand lacking said 
modified nucleotide residue; 

(ii) said restriction endonuclease is substantially incapable of 
cleaving a strand of a nucleic acid molecule that contains 
said modified nucleotide residue; 

(iii) said primer comprises from 3" terminus to 5* terminus: 



* 
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(a) a first poiynucieotide region compiementary to a 3* 
terminal portion of said target poiynucieotide region; 

(b) a second poiynucieotide region containing at least one 
of said modified nucleotide residues, wherein, if said 
second polynucleotide region were hybridized to a 
complementary polynucleotide, a double-stranded 
polynucleotide would thereby be formed that would 
contain one or more restriction endonuclease cleavage 
sites that would be recoenized bv said restriction 
endonuclease; and 

(c) a third poiynucieotide region, wherein, if said third 
polynucleotide region were hybridized to a 
commementarv polynucleotide, a double-stranded 
ooivnucieotide would therebv be formed that would 
conrain a lox site; and 

r ) Said incubation is conducted under conditions suitable for 
permitting: 

(a) said Cre to circularize said linear doubie-5tranded 

nucleic acid molecules and therebv form said double- 

-• . 

stranded circular molecules; 

(b) said restriction endonuclease to cleave one strand of 
said hemi-modified restriction endonuciease 
recoenition site of said double-stranded circular 
molecule and thereby create an extendible 3' terminus; 

(c) said polymerase and said nucleotides to mediate 
template dependent extension of said extendible 3* 
terminus and therebv cause displacement of a single- 
stranded ooivnucieotide containing said target 
polvnucieotide region; said extension further resulting 
in the creation of a new hemi-modified restriction 
recognition site; 
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(d) said restriction endonuclease to cleave one strand of 
said newly created hemi-modified restriction 
endonuclease recognition site and thereby form a new 
extendible 3' terminus and permit the release of said 
singie-stranded polynucleotide containing said target 
polynucleotide region; and 

(e) said primer to hybridize to said released single- 
sn-anded polynucleotide and to be extended by said 
polymerase and said nucleotides in a template- 
dependent extension to thereby form an additional 
copy of said linear double-stranded nucleic acid 
molecule; 

(B) permitting: said Cre-directed circularization (A)(iv)(a) of said 
linear molecule, said creation of said extendible 3' terminus 
(A)(iv)(b), said template dependent extension (A)(iv)(c) / said 
restriction endonuclease cleavage (A)(iv)(d), and said primer 
hybridization (A)(tv)(e), to occur, thereby amplifying said 
target polynucleotide region of said double-stranded nucleic 
acid molecule; and 

(C) maintaining said incubation conditions until a desired level of 
amplification of said target polynucleotide region of said 
double-stranded nucleic acid molecule has been attained. 

The method of claim 1, wherein the linear double-stranded 
nucieic acid molecule recited in step (A) comprises a primer 
extension of Amplification Primer molecules, said Amplification 
Primer molecules being singie-stranded nucieic acid molecules, 
and come rising from 3' terminus to 5' terminus: 

j 

(1) a first polynucleotide region complementary to a 3* terminal 
portion of said target polynucleotide region; 

(2) a second polynucleotide region containing at least one 
modified nucleotide residue, wherein, if said second 
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poiynucleotide region were hybridized to a complementary 
polynucleotide, a double-stranded polynucleotide would 
thereby be formed that would contain one or more restriction 
endonuciease cieavage sites that would be recognized by a 
5 restriction endonuciease that is substantially incapable of 

cleaving a strand of a nucleic acid molecule that contains said 
modified nucleotide residue; and 
(3) a third polynucleotide region, wherein, if said third 
polynucleotide region were hybridized to a complementary 
10 polynucleotide, a double-stranded polynucleotide would 

therebv be formed that would contain a lox site. 

3. The method of claim 1 wherein the linear double-stranded nucleic 
acid molecule recited in ster> (A) como rises a primer extension of 
Target Primer molecules, said Target Primer molecules being 
15 single-stranded, and comprising from 3' terminus to 5* terminus: 

(1) a firs: polynucleotide region having the sequence of a 3' 
terminal portion of said target polynucleotide region; and 

(2) a second polynucleotide region, wherein, if said second 
polynucleotide region were hybridized to a complementary 

20 polynucleotide, a double-srranded polynucleotide would 

therebv be formed that would contain a iox site. 



4. The method of claim 2. wherein said Amplification Primer 
molecules additionally contain a fourth * polynucleotide region, 
said fourth polynucleotide region of said Amplification Primer 
25 molecules being located 5' to said third polynucleotide region of 

said Amciification Primer molecules, and having a nucleotide 
sequence complementary to at least a portion thereof, such that 
said third and fourth polynucleotide regions of said Amplification 
Primer molecules are hybridized to one another. 
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5. The method of claim 3, wherein said Target Primer molecules 
additionally contain a third polynucleotide region, said third 
polynucleotide region of said Target Primer molecules being 
located 5' to said second polynucleotide region of said Target 
Primer molecules, and having a nucleotide sequence 
complementary to at least a portion thereof, such that said second 
and third polynucleotide regions of said Target Primer molecules 
are hybridized to one another. 

6. The method of claim 2 wherein the linear double-stranded nucleic 
acid moiecuie recited in step (A) additionally comprises a primer 
extension of Tareet Primer molecules, said Target Primer 
molecules being single-stranded, and comprising from 3' terminus 
to 5' terminus: 

(1) a firs: polynucleotide region having the sequence of a 3' 
terminal portion of said target polynucleotide; and 

(2) a second polynucleotide region, w her em, if said second 
polynucleotide region were hvhridized to a comolemenrarv 
polynucleotide, a double-stranded polynucleotide would 
therebv be formed that would contain a Iox site. 

The method of claim 6, wherein said Amplification Primer 
molecules additionally contain a fourth polynucleotide region, 
said fourth polynucleotide region of said Amplification Primer 
molecules being located 5' to said third polynucleotide region of 
said Amplification Primer molecules, and having a nucleotide 
sequence complementary to at least a portion thereof, such that 
said third and fourth polynucleotide regions of said Amplification 
Primer molecules are hybridized to one another. 

The method of claim 6, wherein said Target Primer molecules 
additionally contain a third polynucleotide region, said third 
polynucleotide region of said Target Primer molecules being 
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located 5' to said second polynucleotide region of said Target 
Primer molecules, and having a nucleotide sequence 
complementary to at least a portion thereof, such that said second 
and third polynucleotide regions of said Target Primer molecules 
5 are hybridized to one another. 

9. A method for amplifying a target polynucleotide region of a 
double-stranded nucleic acid molecule present in a sample, said 
method comprising: 

(A) incubating said sample under conditions sufficient to denature 
10 said double-stranded molecule and thereby form single- 
stranded nucleic acid moiecuies; 

(B) incubating said formed single-stranded nucleic acid moiecuies 

in the presence of either Amolification Primer molecules or 
*. - 

Target Primer moiecuies; 
15 said Amplification Primer moiecuies being single-stranded 

nucieic acid molecules, and comprising from 3' terminus co 5' 
terminus: 

(1) a first polynucleotide region complementary to a 3* 
terminal portion of said target polynucleotide region; 

20 (2) a second polynucleotide region containing at least one 

modified nucleotide residue, wherein, if said second 
polynucleotide region were hybridized to a complementary 
polynucleotide, a double-stranded polynucleotide would 
therebv be formed that would contain one or more 

25 restriction endonuclease cleavage sites that would be 

recosnizsd bv a restriction endonuclease that is 
substantially incapable of cleaving a strand of a nucieic acid 
molecule that contains said modified nucleotide residue; 
and 

30 (3) a third polynucleotide region, wherein, if said third 

polynucleotide region were hybridized to a complementary 
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polynucieotide, a double-stranded polynucleotide wouid 
thereby be formed that would contain a lox site; 
said Target Primer molecules being single-stranded nucleic 
acid molecules, and comprising from 3' terminus to 5' 
terminus: 

(1) a first poiynucieotide region having the sequence of a, 5' 
terminal portion of said target poiynucieotide; and 

(2) a second polynucleotide region, wherein, if said second 
polynucleotide region were hybridized to a complementary 
poiynucieotide, a double-stranded polynucleotide would 
therebv be formed that would contain a lox sire; 

wherein said incubation is conducted in the presence of a 

polymerase and nucleotides lacking the modification of the 

modified nucleotide residue of said Amplification Primer, said 

i. 

incubation being under conditions sufficient to permit either: 
(\) said first polynucleotide region of said Amplification 
Primer molecules to hybridize to the 3' terminus of said target 
polynucleotide, and template dependent extension of said 
Amplification Primer molecules, to thereby form 
Amplification Primer extension products; or 
fii) said first polynucleotide region of said Tarzet Primer 
molecules to hybridize to the 3' terminus of a complement of 
said target polynucleotide, and template dependent extension 
of said Target Primer molecules, to thereby form Target Primer 
extension products; 

(C) incubating said primer extension products (i) or (ii) under 
conditions sufficient to denature double-stranded nucleic acid 
molecules and thereby produce unhybridized primer 
extension products; 

(D) where Amplification Primer was employed in step (B), 
incubating said unhvbridized Amplification Primer extension 
products in the presence of Target Primer molecules; 
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where Target Primer was employed in step (B), incubating said 
unhybridized Target Primer extension products in the 
presence of Amplification Primer molecules; 
wherein said incubation is conducted in the presence of a 
polymerase and nucleotides lacking the modification of the 
modified nucleotides present in said Amplification Primer, 
said incubation being under conditions sufficient to permit (i) 
said unhybridized primer extension products to hybridize to 
the 3' terminus of said primer molecules, and (ii) template 
dependent extension of said primer extension products, and of 
said primer molecules, to thereby form linear double-stranded 
nucleic acid molecules having a lox site at each end, and 
containing said target ooivnucieotide that is to be amolified 
and a hemi-modified restriction site; 

incubating the linear double-stranded nucleic acid molecules 
of sres (D) in the cresence of Cre recombinase, said restriction 
endonuciease, said oolvmerase and said nucleotides lackine 
the modification of the modified nucleotide residue of said 
Amplification Primer; wherein said incubation permits the 
following reactions to occur: 

(1) said Cre to circularize said linear double-stranded nucleic 
add molecules having a lox site at each end, to thereby 
form a double-stranded circular molecule; 

(2) said restriction endonuciease to* cleave a non-modified 
nucieotide-containing strand of said hemi-modified 
restriction endonuciease recognition site of said double- 
stranded circular molecule to thereby form an extendible 3' 
terminus; 

(3) said polymerase and said non-modified nucleotides to 
mediate template-dependent primer extension of said 
extendible 3' terminus to thereby cause displacement or a 
single-stranded polynucleotide containing said targe: 
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polynucieoticie region; said primer extension further 
resulting in the creation of a new hemi-modified 
restriction recognition site; and 

(4) said restriction endonuciease to cieave a non-modified 
nucieo tide-containing strand of said newly created hemi- 
modified restriction endonuciease recognition site to 
thereby form a new extendible 3' terminus, and permit the 
release of said single-stranded polynucleotide containing 
said target polynucleotide region, wherein said 
displacement and said release accomplishes said desired 
amplification of said target polynucleotide; and 
(F) maintaining said incubation conditions of step (E) until a 

desired level of amplification of said target polynucleotide has 

been attained. 

Tne method of claim 9, wherein said step (E) additionailv permits 

it * • 

the following reactions to occur 

(5) said Amplification Primer molecules hvbridize to a 3' terminal 
portion of said displaced and released sinsie-stranced 

h * 

polynucleotides; and 

(6) said polymerase and said non-modified nucleotides mediate 
the template-dependent extension of said hybridized 
Amplification Primer molecules, and of said hybridized 
displaced and released single-stranded polynucleotides, to 
therebv form linear double-stranded nucleic acid molecules 
having a lox site at each end, and containing said target 
polynucleotide region and a hemi-modified restriction site; 
said formed linear tioubie-stranded motecuies being substrates 
for said reaction (E)(1); and wherein said linear double- 
stranded nucleic acid molecules are permitted to become 
substrates of said reaction (E)(1). 
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11. The method of claim 9, wherein said step (E) additionally permits 
the following reactions to occur 

(5) said Amplification Primer moiecuies to hybridize to the 3* 
terminus of said displaced and released single-stranded 

5 polynucleotides; 

(6) said polymerase and said non-modified nucleotides to mediate 
the template dependent extension of said hybridized 
Amplification Primer moiecuies, and of said hybridized 
displaced and released single-stranded polynucleotides, to 

10 thereby form linear double-stranded nucleic acid moiecuies 

having a lox site at each end, and containing said tarse: 
polynucleotide region and a hemi-modified restriction site; 
said formed linear double-stranded molecules being substrates 
for said reaction (E)(1); and 

15 (7) said Cre of reaction (E)(1) to circularize said formed linear 

dcubie-stranded moiecuies, and the circularized products of 
said reaction to become substrates of reactions (E)(2), (E)(3), and 

(E)(4). 

12. The method of claim 13, wherein the conditions of incubation are 
20 maintained to permit multiple rounds of progression of reactanrs 

through the reactions of step (E). 

13. The method of claim 9, wherein said Amplification Primer 
molecules additionally contain a fourth polynucleotide region, 
said fourth polynucleotide region of said Amplification Primer 

25 molecules being located 5' to said third polynucleotide region of 

said Amplification Primer moiecuies, and having a nucleotide 
sequence complementary to at least a portion thereof, such txhat 
said third and fourth polynucleotide regions of said Amplification 
Primer moiecuies are hybridized to one another. 
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14. The method of claim 9, wherein said Target Primer molecules 
additionally contain a third polynucleotide region, said third 
polynucleotide region of said Target Primer molecules bein<> 
iocared 5" to said second polynucleotide region of said Target 
Primer molecules, and having a nucleotide sequence 
complementary to at least a portion thereof, such that said second 
and third polynucleotide regions of said Target Primer molecules 
are hybridized to one another. 

15. The method of claim 14, wherein said Target- Primer molecules 
additionally contain a third polynucleotide region, said third 
polynucleotide region of said Target Primer molecules being 
located 5' to said second polynucleotide region of said Target 
Primer molecules, and having a nucleotide sequence 
complementary to at least a portion therof, such chat said second 
and third polynucleotide regions of said Target Primer molecules 
are hvbridized to one another. 

16. The method of claim 15, wherein said step (E) additionally permits 
the following reactions to occur: 

(5) said Amplification Primer molecules to hvbridize to the 3' 
terminus of said displaced and released single-stranded 
polynucleotides; and 

(6) said ooivmerase and said non-modified nucleotides to mediate 

the template-dependent extension of said hvbridized 
i. i. 

Amplification Primer molecules, and of said hybridized 
displaced and released single-stranded polynucleotides, to 
therebv form linear double-stranded nucleic acid molecules 
having a lox site at each end, and containing said target 
polynucleotide region and a hemi-modified restriction site; 
said formed linear double-stranded molecules being substrates 
for said reaction (E)(1); and wherein said linear double* 
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stranded nucleic acid molecules are permitted to become 
substrates of said reaction (E)(1). 

17. The method of claim 15, wherein said step (E) additionally permits 
the following reactions to occur 

5 (5) said Amplification Primer molecules to hybridize to the 3' 

terminus of said displaced and released single-stranded 
polynucleotides; 

(6) said polymerase and said non-modified nucleotides to mediate 
the template dependent extension of said hybridized 

10 Amplification Primer molecules, and of said hybridized 

displaced and released single-stranded polynucleotides, to 
thereby form linear double-stranded nucleic acid molecules 
having a lox site at each end, and containing said target 
polynucleotide region and a hemi-modified restriction site; 

15 said formed linear double-stranded molecules being substrates 

for said reacrion (E)(1); and 

(7) said Cre of reaction (E)(1) to circularize said formed linear 
double-stranded molecules, and the circularized products of 
said reaction to become substrates of reactions (E)(2), (E)(3), and 

20 (E)(4). 

18. The method of claim 1, wherein said modified nucleotides are 
methvlated nucleotides. 

19. The method of claim 1, wherein said modified nucleotides are (a- 
thio)phosohorothioate nucleotides. 



25 20. The method of claim 1, wherein said Amplification » r.mer :s 

provided in limiting amounts, such that said method amplifies 
one strand of said double-stranded nucleic acid target molecule to 
a o-reater extent than the other strand. 
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21. The method of ciaim 9, wherein in step (B) Amplification Primer 
is employed, and wherein in step (D) Target Primer is employed. 

22. Tne method of ciaim 9, wherein in step (B) Target Primer is 
employed, and wherein in step (D) Amplification Primer is 
employed. 



23. A double-stranded circular DMA molecule comprising, a lox sice, a 
hemi-modified restriction site and a polynucleotide fragment of a 



mammalian gene. 

24. A double-stranded linear DNA molecule comprising a lox site at 
each end, in direct repeat orientation, a hemi-modified restriction 
site and a polynucleotide fragment of a mammalian gene. 

25. An oligonucleotide comprising, from 3' terminus to 5' terminus: 

(1) a first polynucleotide region comolementarv to a 3' terminal 
portion of a target polynucleotide region; 

(2) a second polynucleotide region containing at least one 
modified nucleotide residue, wherein, if said second 
polynucleotide region were hvbridized to a complementary 
polynucleotide, a double-stranded polynucleotide would 
thereby be formed that would contain one or more restriction 
endonuciease cleavage sites that would be recognized by a 
restriction endonuciease that is substantially incapable of 

* 

cleaving a strand of a nucleic acid molecule that contains said 
modified nucleotide residue; and 
(3) a third polynucleotide region, wherein, if said third 
polynucleotide reeion were hvbridized to a comolementarv 

V . w - i. * 

polynucleotide, a doubie-5tranded polynucleotide would 

k . k 

thereby be formed that would contain a lox site. 

6. Tne oligonucleotide of claim 25, wherein said target 
polynucleotide is a mammalian gene. 
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